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3. The Bases of Classification of the Theriodontia. 

By D. M. S. Watson, F.Z.S., University College, London. 

[Received October 10, 1920 : Read February 8, 1921.] 
(Text-figures 1-29.) 

Among the first series of reptiles from the Karroo system 
of South Africa sent home by Andrew Geddes Bain were a few 
poor fragments of animals with a lieterodont carnivorous denti- 
tion. Later collections from the same rocks included more 
satisfactory remains of these animals, which were described by 
Owen, who recognised their mammalian appearance and despite 
his ante-evolutionary views even suggested that they were mam- 
malian ancestors. Prof. Seeley’s visit to South Africa marked 
a turning-point in our knowledge of these reptiles, because he 
siiowed that their remains were found in rocks of widely difl:erent 
ages, and that the latest assemblage — Diademodon^ Cynognatims, 
and Triracliodon — were more mammaLlike in theii* dentition than 
were their earlier forerunners. He showed also that they pos- 
sessed a mammal-like secondary palate, but failed to arrive at a 
satisfactory interpretation of that region in the less complete 
remains of the earlier forms known to him. ]^either Owen, 
Seeley, nor Lydekker was able to draw up any useful classification 
of these reptiles on account of the paucit}^ of material, and the 
first definite step in so doing was made by Broom, when in 1904 
he showed that Scylacosaurus sclateri, a form from the lowest 
zone of the Beaufort beds, difiered from the Cynodonts ” of 
the highest zone of that formation in lacking any trace of a 
secondary palate. 

Subsequent work by Broom added many new generic types to 
those included with Scylacosaurus in that primitive division of 
the carnivorous Therapsids whose members lacked a secondary 
palate and had uncusped niolai' teeth. This division Broom 
made into an order and called Therocephalia. 

Ho further important additions were made to our knowledge 
of the skull of any of these reptiles till, in 1911, the writer gave 
a very detailed account of the skull of Diadeinodon and Broom 
a more general description of the skull in all the Oynodonts. 
The first important addition to our knowledge of the earlier 
Theriodonts was the description by the preseiit author of the 
posterior half of a skull from the CistecejyJialus-zowe^ which 
agreed with Gorgonops in having a broad parietal region, the 
parietal bone being excluded from the margin of the temporal 
fossa. In the same paper some of the more salient featui'es of 
the palate of Gorgonops were described, and it was indicated 
that the form showed the l>eginnings of the Cynodont secondary 
palate, the skull known as Arctognathus curvimola showing an 
intermediate condition. Whilst I Avas writing this paper in 
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Loncloo, Broom in South Africa was describing two very com- 
plete Gorgonopsid skulls, one iossociated with the antei’ior part 
of a skeleton. Of these skulls Broom gave a good description, 
bringing out the whole structiire of the face and ])arietal region, 
but not giving us so satisfactory an account of the palate and 
occij^ut. Broom, sometimes in conjunction with Haughton, sub- 
sequentl}^ added many new and often strange forms to the Gor- 
gonopsidje — on the whole, emphasizing rather their resemblance 
to the Deinocephalia and Dicynodontia and even Pelycosauria 
than those which they show to the Cynodontia.” In 1914 I 
was able to show that known Goi‘gonopsids coidd be jirranged 
as a morphological series giving a gradual jmssage in the 
structures of the occiput, and of tlie basicranial and otic regions 
between Dimetrodon a Pelycosaur and Diademodon a “Cynodont.'’ 
In the same paper I described the palate of the Cynodont ’’ 
Baurici^ showing that it differed much from the Cynognathids 
and resembled tlie non-Gorgonopsid Theriodonts with a primi- 
tive palate more than the Gorgonopsid s. In consequence, purety 
as a tempoiury measure, I revived the order Theriodontia and 
divided it into four sub-orders — the Therocephalia, the Gor- 
gonopsia, the Baxirida?, and the Cynodontia. Since that paper 
was written, Haughton has published descriptions of certain new 
forms and made important new additions to our knowledge of 
the brain-case of the earlier Theriodonts. In his most recent 
paper he uses pi'ovisionally my 1914 classihcation, enq^hasizing 
its insufficiency. 

In revising a paper on the relative ages of the Palmozoic and 
Triassic reptile- bearing rocks, which has occupied me at intervals 
for some years, I was forced to deal with the problems presented 
by the fauna of the copper- bearing Permian sandstones of the 
Orenburg district of the Ui-als. One of the most noteworthy 
forms from this locality is llho'palodon^ an animal whose skull, 
which alone is certainly known, presents maii}^ I'esemblances to 
the Gorgonopsids. The necessity of discussing the systematic 
position of this form led me to an examination of all the 
Theriodont material available, with the results which are set out 
below. 

It is convenient to begin with a description of the material at 
my disposal, then to discuss the morphological results wliich 
arise from it, and, finally, consider the evolution of the group 
and the relationship of Beuterosaurus to it. 

Arctops wiLLiSTONi Watsoii, Proc. Zook Soc. 1914, p. 1026. 

Type and only known material : a skull lacking the anterioi- 
part of the snout, the quadi-ates and quadrate rami of the 
pterygoids, otherwise complete and practically undistorted. 
Prom Howse Post, near Fort Beaufort, S. Africa, not improbably 
Enhothiodon zone. 

I described and figui-ed the occiput and basicranial region in 
the ociginal description. 
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Arctojys lias a depressed and very massive skull, the snout, 
when liroken off about 5 cm. in advance of tlie orbit, being 
rectilinear in section, bounded Ijy a, straight dorsal surface which 
passes somewhat abruptly into straight, nearly vertical, lateral 
surfaces. Tlie orbit is small, placed liigh in the skull, and nearly 
laterally directed ; its upper margin is continued forward by a 
ridge separating the dorsal surface from the lachrymal region, 
which is excavated into a shallow depression. Jdie interorbital 
region is very wide, forming a flat surface lioiinded laterally by 
slirdlow liays over the orbits. 


Text-figure 1. 



Arctojjs u'Ulistoni Watson. Type-skull. 

Dorsal aspect. X|. 

D.Oc., basloccipital ; I.Pak., interparietal ; Sq., squamosal ; Tab., tabular. 


The parietal region, also flat, is even wider than the interorbital 
surface ; it separates the very small temporal fosste which face 
more largely laterally than dorsally. The occipital surface is 
very wide and is separated from the parietal b}’' a shaip corner. 
The squamosal is small, consisting mainly of a. veitically standing 
plate passing directly outwai'd from the end of the massive 
paroccipital process. The posterior surface of the bone at this 
articulation is produced backwards into a I'idge which forms the 
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inner wall of the ainlitory groove. Sutures over the outer 
surface are not clearly recognisable. 

I have already described the basicranial region, but would 
again call attention to the flat, laterally directed, plate-like basi- 
pterygoid processes. The narrow ridged girder formed by the 
parasphenoid and pterygoids extends forward to the front of the 
orbit, where it suddenly passes into the wide postei’ior end of the 
palate. The pterygoids pass outward to form thick downwardly 
directed flanges, not very deep when compared with later forms, 
but of great antero-posterior extent. The middle region of the 
posterior part of the palate forms a slightly raised area separating 
two concavities, whose surface lies mainly on the ectopterygoids, 
large square bones which only take a small part in the great 
flanges. The middle part of the palate forms a shallow groove 


Text-figure 2. 



Arctops willistoni Watson. T^^pe-skiill. 
Right lateral aspect. Xf. 

R.Sp., basisphonoid ; Pt., pteiygoid. 


beginning at the extreme posterior end and running forwards to 
the posterior nares. At about the level of the anterior end of 
the ectopterygoid, this groove is overhung by a pair of small 
processes rising from the pterygoids. Further forward the floor 
of this groove is cut into by the narrow slits which represent the 
posterior ends of the posterior nares. Tliese are separated by 
a narrow bar of considerable vertical depth. The structure of 
this bar is not qiute certainly determinable, but on the curved 
fracture which forms its present front termination it is certain 
that its upper surface consists of a pair of ridges separated 
by a ]3arallel-sided cleft not more tlian a millimetre wide and 
nearly a centimetre deep. From this slit a suture seems to be 
continued on to the palate. Further back two lateral ridges are 
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added to tlie original pair, the gaps between tliein i^eiiig nlso 
apparently continued as sutures on to the palate. Thus the 
posterior part of the bar separating the internal nares seems to 
be built up of two pairs of bones, of which the outer terminates 
not far in front of tlie posterior ends of the nares. It is probable 
that the inner pair are pre vomers and the outer the anterioi* ends 
of the pteiygoids, which hence form a part of the border of the 
posterior nares. 

Text-figure 3. 



Arctops wUlistoni Watson. Type-slvull. 

Palatal as])ect. Xf. 

Kc.Pt.j ectopteiygoid ; Pak.Oc., paroccipital ; Pt., anterior end of pterygoid ; 
P.V. ?, prevoiner, posterior end of internarial bar. Parts in l)roken lines 
restored without evidence. 

Gorgonops torvus Owen, Cat. S. Afr. llept. 1876. 

Type: a skull with the zygomatic arches broken away, tlie 
basis cranii only represented by a fractured surface passing 
liorizontall}" through the basisphenoid. The jiaroccipital pro- 
cesses only represented b}^ the impression on the matrix of the 
anterior face of that of the right side, the posterior part of the 
palate represented only by the impression of its dorsal surface. 
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Otherwise the skull is complete and, on the whole, extremely well 
preserved. It is represented by beautiful and most accurate 
lithographic di'awings in Owen’s Catalogue. From Mildenhals, 
Fort Beaufort. Another more complete, but less well-preserved, 
skull from the Endotkiodon-zoTie of Beaufort West is in the 
American Museum of Natural History. 


Text-figure 4. 



Grorgonops tormis Owen. Type-skull. 

Dorsal aspect. Xf. Parts in broken line restored without evidence. 

Fe., frontal ; I.Pae., interparietal; Pe.Fe., prefrontal ; P.O., postorbital ; 

Pt.Fr., postfrontal ; S.Mx., septomaxilla ; S.Oc., supraoccipital. 

The skull of Gorgonops has a flat dorsal surface, which passes 
through a chamfered corner into the nearly vertical sides of the 
snout. The orbit is large, directed almost entirely laterally and 
of considerable depth. Immediately in front of it the snout is 
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nearly square in section, tlie laclnymal region beiug excavated 
into shallow hollows overluing by a tliickening of the prefrontal, 
which forms the lateral border of the flat dorsal surface. Further 
forward the snout becomes deeper, the nearly flat lateral surface 
passing by a rounded corner into the dorsal surface. There is a. 
long broad swelling on the maxilla over the root of the canine. 

The interorbital and parietal regions are both veiy broad, the 
latter passing smoothly into the broad occipital surface, fllie 
part of the occiput preserved consists mainly of the veiy broad 
interparietal, whose sutures with the tabulars are shown. The 
supraoceipital has only a very slrallow exposure below the inter- 
parietal. A peculiar featui*e of this skull is the irregular shajie 
of tlie pineal foramen and the fact that that opening is raised 
on a little column standing up above the general level of the 
parietal region. 

Text- figure 5. 


RO. Pr.Fr. Na. 5.Mx. 



Riglit lateral aspect. X|. Parts in broken lines restored without evidence. 
Ju., jugal ; Lac., lachrymal ; ^Ix., maxilla; P.Mx., premaxilhi. 


The general structure of the dorsal and lateral surfaces will he 
best understood from text-figs. 4 & 5. Tlie crnciform shape of 
the pair of frontals is noticeable. 

The structure of the external nostril is very well shown in the 
specimen. The dentigerous part of the premaxilla is deep, and 
articulates directly with the anterior end of the maxilla, which 
overlaps on to it. The dorsal surface of tlie two bones is the 
lower margin of the nostril and forms the emplacement of the 
septomaxilla. Behind the nostril the maxilla rises to a long 
siitnre with the facial ]^a.i‘t of the septomaxilla; behind this bone 
it reaches the nasal, ddie nasals forma slightly coved roof to tlie 
olfactory chamher and reach forwa.rd almost to the end of the 
nose, where they terminate in a nearly straight margin, from the 
middle of which arises the narrow process which articulates witli 
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the facial processes of the premn.xilia. The facial pai*t of the septo- 
maxilla articulates with the lowei* mai’gin of the nasal, but the 
two bones separate before the nasal terminates, so as to leave 
that bone overhanging the nostril like the eavms of a roof. After 
its separation from the nasal the septomaxilla passes downwards 
and gives off a process from its anterior border, which passes 
inwards towards the middle line, following the curve of the 


Text-figure 6. 



Gorcjonops torvus Owen. Type-specimen, 
ralatnl aspect. X a- Unshaded areas surromided by contiiiuons lines present 
but mutilated, broken lines parts restored without evidence. 

P.V. ?, internarial bar, ? prevomers ; Pal., palatine; Vo., “vomer.” 

anterior border of the nasal. The lower part of the septo- 
maxilla is a rounded column, swelling out to a base which rests 
on the premaxilla. 

I have already (1912) given an account of the general features 
of the palate of Gorgonops, but, as further study of the specimen 
in tlie light of other material has enabled me to make out some 
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interesting' features not ])revioiis]y recorded. I give here n more 
detailed description. The premaxilla has a nai-row dentigerous 
surface, with five sockets for the roots of the incisors; above the 
border the bone tliickens, forming a deep w^all, from whose ad- 
median half the palatine process arises ; this is at first a flat 
expansion, but soon becomes a rounded, backwardl}^ directed 
tubercle, separated from its fellow and i-esting in a groove on the 
lower surface of the prevomer.’’ The internarial bar is a narrow 
rod which anteriorly is comparatively wdde. Antei-iorly its 
palatal surface bears a median ridge which separates two channels 
bounded by other lower i-idges, which foi*m the lateral borders of 
the bone. Further back the lower surface of the bar becomes 
flat, and the whole of the posterior part is only represented by a 
broken suiface, which probably originally supported a deep 
median ridge. 

The internal nares are very large openings bounded by the 
premaxilla in front, where they are very wide, and contracted 
posteriorly by the thickening of the maxillje necessitated by 
the large sockets for the canines. The maxillas form their 
outer borders for some distance and are then excluded by the 
palatines. Finally, the posterior border is formed by the semi- 
circular margin of a bone whose nature has to be discussed. 
Between the internal nares and the pterygo-parasphenoidal bar 
the palate forms a large area of complicated shape. The height 
above the lower margin of the preinaxilla. at which the palatal 
processes start, and the deep step in the lower border of the 
maxilla just in front of the canine make the ventral surface of 
the internarial bar lie much dorsal to the lower edges of the 
maxillie in the cheek-region. Thus at the back of the nares the 
palate is very much vaulted. Behind the canine the palatal 
exposure of the maxilla, which bears no trace of cheek-teeth, is 
very broad and its admesial surface forms a deep vertical plate. 
This surface when followed caudally passes into a similar face 
carried by the palatine, wdiich stands almost vertically, tightly 
attached to the maxilla by an obvious and deeply interdigitated 
suture, and with its lower edge forming wdth that bone a broad flat 
face in the area where cheek-teeth would natural 1}^ be expected. 
These teeth must have been functionally replaced by a hard gum, 
possibly cornified so as to form a crushing plate. 

The wdde groove foiined by the palate at the posterior end of 
the internal nares is rapidly divided into three, each groove of the 
lateral pair is deep and narrow and cylindrical ; it shallows 
rapidly when traced backwards, finally becoming flat when it 
reaches the ectopterygoid. The bottom of the lateral groove 
has a suture running the whole of its length, which is completely 
exposed on the right side, but concealed by matrix except for its 
anterior end on the left side of the type-skull. This suture, 
which seems to be truly a suture and not a crack, unites the pala- 
tine with the pterygoid, which bone hence forms the posterior 
margin of the posterior nares, 
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The middle groove of this part of the palate becomes iiari-ower 
as it is ti-aced backwai-d, but remaius deep. Its hinder end is 
sepai'ated from the lateral grooves Ijy triangular i-aised areas, 
which are roughened, but seem not to bear teeth. 

The internarial bar is continued back into this part of the 
palate as a narrow slip separated from the pterygoids by a pair of 
open and A^ery obvious sutures. These sutures rapidl}^ approach 
and fuse, being continued backwards by an obvious median suture 
for about 5 mm. This open suture, AAufch a visible atrip of matrix 
in it, then suddenly ends and is Avith certainty not continued 
backAA^ard in the middle line. It is, hoA\^e\^er, apparently replaced 
by a pair of much less obvious sutures, betAveen an overlapping 
median bone and the pterygoids, Avhich pass outAvard to the 
margins of the median grooA^e and seem then to be continued 
baclvAvard by still less obvious sutui-es running along these 
borders. Further back the wide, essentiall}" flat palate gives 
origin to the descending flanges. The ectopterygoids are separated 
by obvious sutures and are comparatively small bones not taking 
an 3 ^ large part in the flange. 

The palate of Gorgonops thus seems to shoAv large pteiygoids 
reaching forAvard to the posterior nares and widely separating the 
palatines, which are small bones simply continuing the ectoptery- 
goids forAvard. In that part of the palate Avhich lies in front of 
the transverse flanges the pteiygoids do meet each other for a 
veiy small distance in the middle of their length, but posteriori}' 
are separated by a median A'omer and anteriorly by the posterior 
end of the inteimarial bar Avhich is clasj^ed betAveen their distal 
ends. There is no evidence to shoAv Avhether or not these tAvo 
median bones are reall}^ separated, but as the anterior passes 
dorsal to the pteiygoids, Avhilst the other overlaps their A'entral 
surface, there is great probability that they do not represent parts 
of the same element. 

ScYMNOGNATHUS AAHiAiTSi Brooiu, Proc. Zool. >Soc. 1912, p. 861. 

Type : a figured skull, nearly complete, but considerabi}' 
crushed and shoAving little of the structure. Other imperfect 
skulls and other bones. 

The individual of Avhich, under the name of Scymnognathus 
whaitsl, I described the loAver jaAv (1912) and the brain-case and 
occiput (1914), does not belong to this s]3ecies, and is described in 
this papei* as a neAv genus and species. There are in the British 
Museum three specimens of S. tvhaitsi : — B. 4053 collected h}^ the 
ReA^ J. H. Whaits, as a A'ery large number of small fragments 
AA'hich, fitted together, form a skull from the front of the orbits 
baclvAA'ards Avith the pro-atlas and atlas in position, the anterior 
end of the snout and a mass of sepaiute fragments representing 
the major part of the face; of these a small bic of the posterior 
part of the palate is of great morphological interest. The 
back of the skull built up from these remains is quite un- 
distorted and has been very completel}' developed, noAv shoAAung 
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tlie whole lateral surface of the brain-case, the structiii’e of the 
zygomatic arclies and roof of the skull and occiput wdth great 
perfection. It is in many ways the best Gorgon opsid skull 
known. 

K. 405*2. A sk’.dl retaining a well-preserved and only slightly 
sheared snout, with a much crushed posterior ])art, permitting 
the definite identification of R. 4053. 

493(59. A snout, somewhat distorted and not very well pre- 
served which has been cut into slabs. It agrees well with tlie 
corresponding part of R. 4052. 

All the matei*ial of Scymnognathus whaitsi comes from the 
Endothiodoii-y.oue. of Beaufort West. The skull, as a wiiole, is 
remarkable for the marked distinction between the relatively 
narrow snout and palate and the wide postorbital region. Owing 
to this shape, the orbits look as much forward as outward. The 
temporal fossm are very large and face more upwards than out- 
wards. The parietal region is, in consequence, narrow and the 
occiput deeply cupped, owing to the backward swing of the 
squamosals from their union with the postorbitals. 

The snout is much more rounded than in Gorgonops or Arctoj)s, 
althougli towards the orbits it is still somewhat square-cut.’* 
The external nares closely resemble those of Gorgonops^ and there 
is the same step between the lower edges of the premaxilla and 
maxilla. 

The structure of the dorsal and latera,! surfaces of the skull 
are obvious from text -figs. 7 & 8, but it is necessary to give some 
account of the brain-case and palate. 

The basioccipital is fused with the exoccipital and paroccipital, 
and its suture with the basisphenoid has been destroyed by 
a fracture. It is a long narrow bone, terminating behind in a 
single condyle, which is probably partly exoccipital. This condyle, 
as seen in section, is much wider than it is high, the dorsal sair- 
face being excavated by the lower part of the foramen magnum. 
The posterior part of the basioccipital is thus thin. 

The exocci})itals are of the ordinary Gorgonopsid or Pelycosaur 
pattern, but their upper surfaces are concealed b}Ghe overlapping 
elements of the proatlas. Further forward the lower surface of 
the basioccipital and of the paroccipital fu.sed with it project 
down a,s a short, powerful, obscurely bilobed process, whose outer 
part supports the fenestra ovalis; with this process the powerful 
tuber liasisphenoidalis articulates dorsally, though \ entrally the 
two projections are separated by a gap. 

The paroccipital and pro-otic ai*e fused, not only with each 
otlier. but also with the basioccipital ; the suture between the 
pro-otic and the basisphenoid remains open. 

The paroccijntal process is extremely massive, passing out 
from Gie side of the l)M,siocci])ital on the lower surface of the skidl 
to its broad abutment on the squamosal. The anterior and lower 
faces of this process are excavated by a groove which leads inward 
to the large irregular opening, which is the fenestra ovalis. The 
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Text-figure 7. 




Scymnognathus whaitsi Broom. Back from II. 4063. Snout from E. 4052. 
B.M.N.H. Dorsal aspect. X|. 

At., atlantal neural arch ; Ju., Jugal- P.Par., preparietal ; Pr.At., pro-atlas. 
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paroccipital pi’ocess is bounded above by the small oval post- 
temporal fossa, which lies at the level of the door of the foramen 
magnum . 



In the pro -otic on its front face, above, and in front of the 
fenestra lies the outer opening of tlie foramen for the facial 
nerve. This opens downwards and has below it a little hollow 
for the geniculate ganglion. 

Immediately above and a little in front of the facial is another 
much larger foramen opening directly forward ; its outer margin 
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is carried by a spout -like projection from the pro-otic, its inner 
border is basisphenoid. That bone immediately in adv^aiice of 
the foramen has a deep depressed groove. There can be no 
doubt that this foramen is for the tiftli nerve, the cavity before 
it having housed the Gasserian ganglion. Above and in front of 
this foramen the pro-otic is continued forward, having a suture 
with the basisphenoid, until its anterior margin or that of the in- 
distinguishably fused supraoccipital is cut into by a notch, which 
is 3^ery nearly converted into a foramen by the basisphenoid. 
This foramen must be \^enous; it is in part the homologue of one 
which is almost constantly represented in Tlierapsids. 

Tlie supraoccipital is as always spread out into a wide plate, 
but from the anterior part of this expansion a special thickening 

Text- figure 9. 


Pas. I.Par. "Iab. 



Occipital aspect of skull, with the anterior ends of the proatlas attached. X 
Par., parietal ; Qu,, quadrate; T.B.Sp., tuher hasi-sphenoidalis. 


is carried forward, forming the roof and part of the side-wall of 
the brain-case. It is this tliickening whose margin forms the 
dorsal border of the venous notch. With the sides of the upper 
part of the supraoccipital in tlie region of this thickening the 
interparietal articulates, stretching far foinvard in contact with 
the parietal above and the supraoccipital IjeloAv, and widely 
exposed in the outside view of the brain-case. 

The basisphenoid is a remarkable bone, which in the speci- 
men is broken off in front. As far as it is preserved, how- 
ever, it consists of a body which is articulated with the front of 
the basioccipital largely through the intermediary of the two 


Text-figure 10. 
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massive douuiward [)rojectious, which are its tubera. Above this 
articulation the bone becomes narrower where it is<attached to tlie 



pro-otic. I ts lateral face here bears the groove for the Gasserian 
ganglion, above which the bone again widens to the continuation 
Proc. Zool. Soc.— 1921, Xo. IV. 4 
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of its suture with the pro-otic. Above aiicl in front of the 
termination of this suture the l)asisphenoicl is still continued 
upward as a slender process, whose upper margin is the lower 
border of the great venous notch and whose lower margin meets 
its fellow in an open inedian suture l)elow the brain, immediately 
in advance of the hypopliysis. The rostral part of the basi- 
sphenoid is a vertically placed plate arising from the body of the 
bone and separated from the upper parts, just described, by a 
deep narrow notch, the open side of the pituitary fossa. From 
its sides arises the thick flat expansions, which are the basi- 
pterygoid processes. These incline downwards at the back at an 
angle of about 45°, and whilst their dorsal surface is sharply 
separated from the vertical face of the medial lamina, which lies 
above them, their ventral faces pass smoothly down to form a 
blunt ridge on the lowei* surface of this part of the basisphenoid. 

The parietal is composed of a. plate of bone l 3 ung on the roof of 
the skull with an almost plane dorsal surface. Its postero- lateral 
cornel* is drawn out into a long process, Avhich passes backwai*ds 
to touch the extreme tip of the squamosal. The posterior edge 
of the whole bone is in contact with the interparietal towards the 
middle line and with the tabular laterall}^ By far the greater 
part of the outer margin of the parietal is in contact with the 
postorbital, which completely excludes it from participation in 
the margin of the temporal fossa. From the lower surface of the 
parietal a powerful ridge is developed, which marks the side- wall 
of the brain-case. Posteriori}^ this ridge just touches the anterior 
end of the supraoccipital. Immediately in front of this bone it 
has a suture with the epipterygoid ; further forward its lower 
edge is free, but graduall}^ declines, until at or about the front 
end of the parietal it vanishes. The lower surfaces of the pre- 
parietal and frontals form the roof of the brain-case in this 
region, and the lower surface of the anterior part of the brain 
is suj)ported by an ethmoid ossification. This is a thin hemi- 
cylindrical shell of bone with a rib along its ventral surface in the 
middle, which indicates that it rested on a deep median septum 
now bi-oken away and lost. 

The posterior end of the ethmoidal cavity is widely open. The 
opening of the anterior end is nmch contracted and lies close up 
to the skull-roof. 

The flooi* of the cavity close to its anterior end is perforated 
by a pair of large oval foramina, which face do wm ward. These 
are separated only by a narrow se]^tum and must be for the optic 
nerves, which hence had a reinai'kably long intracranial course. 

The epipteiygoid is only represented by its upper end, which, 
though narrow antero-posterioi*!}^ is thin. It has a sutui*e with 
the parietal and with the front end of the supraoccipital, the 
latter connection being of consideralfle morphogenetic importance. 

There is a medium-sized foramen for the Xth nerve, opening 
downwards and backwa.ixls below the exoecipital well above the 
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Text-fi"ure 11. 



Par.Oc. Qu. 


Scjjmnoffnafhns whaitsl Brooiiu 

Posterior part from H. 10o3. Snout recoiistriu'tod from a series of transverse seetioiis 
of 4-9369 completeil from U. 4062. Ectopteryg'oid region + detached area 
including the vomer 11. 4-053. X p^ basipterygoid process. 
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bottom of the skull. There is a single hypoglossal foramen in 
the usual position. 

Taken as a whole, it is obvious that the brain-cavity was vei-y 
small in relation to the skull, ami especially that the cerebral 
hemispheres were still of much less bulk than the cerebellum. 
At the same time the very great proportional length of that part 
of the brain which lies in fi‘ont of the fifth nerve foreshadows 
the great cerebral development which occuiTed in later allied 
forms. 

The palate of Scymnognathus tvhaitsi is still not known as a 
whole, but the anterior part is very well shown in the sections 
of 49369, from a reconstruction made from which text-fig. 10 is 
mainly drawn, and in the solid in II. 4052. The pterygoidal flange 
and one transvei'se bone are preserved in position in R. 4053, and 
that individual retains a small fragment from the middle of the 
palate just in front of the anterior end of the long pterygo- 
parasphenoid bar. This fragment shows a pair of much raised 
ridges, which lie on the pteiygoids and diverge outwards as they 
are traced forward. These are covered with a shagreen of small 
teeth. Between these the palate is deeply grooved ; lateral to 
them it is depressed into deep hollow^s. The dorsal surface 
of the fragment bears a deep median keel. This fragment has 
been cut across by a tranvei'se cut, so that it now shows three 
sections. That at the back shows that the keel is formed b}^ a 
single bone whose lower edge is received into a groove on the 
upper surface of the fused pterygoids, which meet below it. 
in the middle section this median bone has a deeply gi'ooved 
lower edge, the two thin ridges which form the side-walls of this 
groove being received in slits in the pterygoids. These latter 
bones meet in a median suture on the palate and here bear the 
massive tooth-bearing ridges. On the front section the median 
bone is exposed on the palate, forming the roof of the median 
groove and separating the pterygoids. The median bone thus 
corresponds exactly in position and relations with the posterior 
median bone in Gorgonops and the back of the vomer in Diacle- 
moclon. The anteiior part of the palate resembles that of Gor- 
gono})s ill the relation of the internarial bar to the palatine 
process of the premaxillfe and in its shape. 

Near its anterior end the internarial bai' is a single bone 
with a convex dorsal surface from which a i-idge rises. This ridge, 
which is detached, apparentl}^ by fracture, extends upwards and 
backwards, obviously representing an ossification in the nasal 
septum. The lowei‘ surface has a low median ridge sepaiating 
two well-defined grooves. As this bone is ti-aced backward it 
gradually becomes narrowei* from side to side until in the region 
of the first molar tooth, whei e it is seen in section (text-fig. 12). it 
has become converted into a plate 35 mm. in depth and only two 
millimetres thick at the lower edge, where it is widest. The 
dorsal centimetre of this narrow septum is clasped between two 
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thin films of l)one, whose outer surfaces are in contact with 
another pair of similar slende)- processes. Even in this region 
the lowei’ edge of the median bone still lies considerably dorsal of 
the tooth -bearing margin of the maxilla. 

In the next section, about 1 cm. further back, the median 
plate is shallower, its dorsal margin being curved downwards. 
The two paii’S of plates which support its upper edge are thicker, 
l)ut still retain their same relations. 

The next slab has fortunately been split longitudinally and 
somewhat developed, so that it gives conclusive evidence that 
the lateral pair of processes described above are part of the 


Text- figure 12. 



Scinnnognotlms whaiisi Broom. 

Series of transverse sections at about 1 cm. interval, across tlie snout of No. 49369, 
B.M.N.H. 1, anterior section; I.N.B., internarial bar; in 2-5 only the 
internarial bar is represented ; in G the maxillae and palatines are shown ; 
in 7 onb^ the anterior ends of the palatines and pterygoids. X §. 

palatines. 1'he inner pair pass down to the ventral surface and 
there form a little l)Oss on the palate, which separates the two 
deep grooves on the palatines. These grooves are so overhung by 
the more ventral parts of the palatines that their floor can 
scarcely be seen in a dii’ect ventral projection ISTo sutures can 
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be seen in the little median boss, and it is probable that the 
median element of the internarial bar has terminated in it. 

The vertically standing part of the palatine, which forms the 
side-wall of the groove just described, descends to the level of the 
lower border of the maxilla, where it passes into a flat, thick, 
horizontally lying plate, which extends outward to the lower edge 
of the maxilla with which it lias a suture. 

This horizontal part of the palatine forms the greater part of 
that bone, and extends backward and forward in contact with the 
maxilla, until b}^ narrowing and increasing in depth it becomes 
converted into a mainly verticall}^ disposed jdate, which forms 
part of the side- wall of the posterior ]uirt of the very lai'ge 
internal nares. It then terminates. 

Text-figure 13. 



N.5. PMx. 


Sci/mnognatlms tvhaitsi l^room. 

Reconstruction of internal aspect of the left side of the snout cut through in the 
middle line. Internarial bar and ossification in the nasal septum unshaded 
and surrounded by a thick continuous line ; anterior end of the pterygoid 
represented l.iy a line of small crosses. Parts of palatine seen through other 
bones in broken line. Reconstructed from the sections of 49369, checked 
by R. 4052. X f . 

Thus the anterior part of the palate is essentially a flat plate 
of bone, whose middle part is cut out by a narrow but gradually 
widening groove which plunges steeply downward to the deeply 
sunk posterior margin of the posterior nares. This groove is 
divided into two by a narrow vertical septum, which descends 
nearly to the level of the general plane of the palate. 
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There can be little doubt, especially when the conditions in 
Arctops and Gorgonojis are considered, that the innei* pair of pro- 
cesses which support the internarial bai* are the anterior ends 
of the pterygoids. It remains to be shown bj^ other material 
whether the median internarial bone arnl the median vomer in 
the back of the palate are parts of the same bone or are, as is 
more probable, sepaiated. 

Idle strange way in which the median internarial bar I'ises as 
a. thin but very deep septum from the much sunk ]>osterioi* nares, 
nearly to the general level of the palate, seems to be only 
explicable if its ventral border supported the middle of a small 
soft secondaiy palate stretched between the maxill?e and the 
palatines. 

I have already described the mode of articulation of the 
scpiamosal with the brain-case and with the fused quadrate and 
quadrato-jugal in Proc. Zool. Soc. 1914, p. 1034, fig. G. 

The squamosal above the level of the post-tempoiul fossa bows 
out backward, so as largely to increase the size of the dorsal 
opening of the temporal fossa. It thus makes the occiput very 
deeply cupped, the interparietal region being narrowed and the 
outer part of the tabulai' running neaily antero-posteriorly. 

At the extreme postero-lateral corner of the skull, the 
squamosal turns sharply into a process passing forward and 
inward in the zygomatic arch. This process is clasped by other 
bones both admesially and externally. One of these bones is 
the jugal. The other conceivably also jugal, but much more 
probably postorbital. A gap about 2 cm. long in both sides of 
the specinlen prevents a definite decision on this point. 

The squamosal at the corner is made of a very peculiar, 
extremely dense, though finely cancellous bone. This structure 
is found in this region in all Theriodouts I have examined. 

Leptotrachelus eupachygnathus, gen. et sp. nov. 

Type: a skull and lower jaw, described in error as Scymno- 
gnathus whaitsi by the writer (Ann. & j\Lag. Nat. Hist. ser. 8, 
vol. X, p. 578, fig. 3, and Pi*oc. Zool. 8oc. 1914, pp. 1027, 1032, 
figs. 3, 4, & 5). 

The material is a largely disarticulated skull varying in 
preservation, with one complete and one jiartially disarticulated 
ramus of the lower jaw. The skull is represented by the brain- 
case, interorintal region, left nasal, lachiymal, prefrontal, jugal, 
and squamosal in natural articulation, the right jugal, lachrymal, 
and prefrontal in natural articulation, but separated from the 
skull, an isolated maxilla, and quadrate and quadrato-jugal. 

The mode of articulation of the quadiute with the s(|uainosal is 
clear, and with the perfect lower jaw gives the length of the skull 
and the position of the maxilla. The large articulated part of 
the skull gives practically all the dorsal and the posterior 
part of the lateral surface directly. The occiput is essentially 


56 


MR. D. M, S. WATSON ON THE 


completely preserved. All the sutures except those of the 
]->e,rietals with each other and the preparietal are well shown. 

In text-fig. 14- it is probalfie that the anterior part of the snout 
is made a little too narrow. 

I have already described and figured tlie basicranial and otic 
regions, the occiput, and the interior of the brain-case. 

Text-figure 14. 



Leptotrachehis evpaeliygnatlius, gen. et sp. nov. Type-slviill. 

Dorsal aspect. X I. 

The outside of the brain-case is illustrated in text-fig. 16. The 
foramen for the Tilth nerve lies just above and in front of the 
fenestra ovalis, opening downwards through the pro-otic. The 
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trigeminal foramen '* lies considerably forward and is more 
<lorsal in position. It lies at the end of a long slit and is pre- 
sninahly I'eally oidy an incision and not a foramen. The length 

MVxt-tignre 15. 

RO. R-.Fr. 



'LeptotraclieUis eufachygnatlms. Type-skull. 
Right lateral aspect. X 

Text- figure 16. 



J^eptofyachelus eupachggnafhns. Type-skull. 

Lett lateral aspect of brain-case, the parts of the skull lateral to tlie post-temporal 
fossa being removed as in text-fig. 10. 

of the slit is rendered uncertain by the fracture of the antei'ior 
end of this part of the brain-case. In the part of the brain-case 
preserved there is no evidence of the large venous foramen 
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described above in Scymnogoiatlnts v^haitsi, Tbei'e is no trace 
of tlie great anterior pi-ojections of the basispbenoid wliicli in 
Scym.nognathus meet in median sutni*e in adA^ance of the pituitary. 

There is an ethmoid , Avhicli, so far as its very incomplete 
exposure alloA\^s it to be seen, does not differ from that of 
Scy rm logn athi is . 

Idle sqirimosal of Leptotrachelus is remarkable for the great 
length of its lateral pi-ojection and the extreme suddenness of 
the postero-laternl corner. As in Scyinnognathus its distaf end 
is received between tAvo bones, liei'e idmost certainly the jugal 
and postorbitah 

The cup-shaped depression in the Avidened loAver edge of the 
squamosal into Avliich the head of the quadi-ate fits isA^ery nairoAv, 
not half the Avidth of the projection of the squamosal. 

The quadrate is a i*elatiA"ely large bone about 30 mm. high by 
15 mm. Avide ; it forms a neai*ly pai'aflel straight-sided figui'e, the 
loAver edge being a little raaihed off by a groove and forming the 
articular surface. The upper end is iminded and fits snugly into 
the hollow in the squamosal. The quadralo-jugal is fused Avith 
the articular margin of the quadrate ; it then separates from 
that bone, leaAung a small quadrate foramen, Avhilst farther 
dorsally it spreads out into a flat sheet of bone Avhich covers the 
outer margin of the quadrate and laps ovei* its posterior surface. 

When articulated Avith the squamosal the quadrate and 
quadrato- jugal are largely visible fi-om behind. 

The maxilla of Leptotrachelus shows a single canine in use, 
with traces of the croAvn of a successional canine high up in the 
alveolus, and four cheek-teeth ; it is possible that there Avas really 
a fifth cheek-tooth. 

Lycosaurus pardalis OAven, Cat. Foss. Kept. 1876, p. 15, 

pi. 14. 

The type-skull of Lycosaurus pardalis Avas re-examined and 
discussed by F>rooni, Proc. Zool. Soc. 1911-12, p. 1079, Avho gave 
it a dental formula: i. 5, c. 2, m. 4. 

The type-skull (R. 1717, B.M.N.H.) from the Cisteceplialns- 
zone (?) of the Sneeuberg is considerably crushed laterally, but 
has the anterior end of its snout complete and Avell- preserved ; 
behind the canine on the left side the outer surface of the skull 
is complete to the or’uit, the AAdiole orbital margin is present and 
a bit of the edge of the parietal i*egion. The other side is a. 
AA^eathei-ed face Avhich cuts further and fuither into the skull 
until it so far ciosses the middle line as to expose the admedian 
surface of the left epipterygoid and completely to remove the 
brain-casc. The squamosals are completely destroyed. The 
right loAver jaw is, hoAveA’er, nearly perfect, having suftered only 
the loss of the posterioi* part of the angular so as to expose 
the articular — the position of the quadrate is tlius fixed. The 
parts of the skull i-emaining ai'e quite Avell-preserved and shoAv 
many sutures, 
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It is obvious tliat tlie snont is short, high, and narrow, witli no 
trace of the square section which occurs in all the Gorgoiiopsids 
described above. 

The tooth- beai'ing edge of the maxilla is curved and passes 
gently into that of the premaxilla witliout the step of Govgovops 
or Scymiiogvathus^ Tliere is, however, a diastema ))etween the 
closely-set incisors and the canine. 

There are clearly 5 incisors, 1 canine, and 4 or possibly 5 molar 
teeth. Tile small canine recorded by Broom immediately in front 
of the large one does not exist on the well-preserved left side, 
and his views seem to have been fonnded on a small strip of 
tooth in this position on the riglit side, which is really an exposed 
portion of the lower canine. The maxilla is short and deep. 


Text-figure 17. 



Reconstruction of the right lateral aspect, X f . The parts represented in 
broken lines hypothetically restored. 


The external nostril of Lifcosaurns diliers considerably from 
that of Gorgonops. It faces more laterally and is much larger; 
it is no longer ov^erhnng Iiy so large a corner of the nasal, 
although there is still a. trace of the older structure. 

The facial part of the septomaxilla is much smaller, and the 
foramen between that bone and the maxilla is not only smaller 
but opens more directly outward. The septomaxilla in Iront of it 
seems to be rounded and grooved. Finally, the internarial 
process of the premaxilla is longer and stands moie verticall}% so 
that the end of the snout is deeper ami less rounded in side-view. 

The interorbital region is narrow, the postfrontal being a 
narrow pointed strip, as in the skull of Arctognaihus curvi- 
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mola .subsequently described (text-fig\ 18). Tlie ]);u‘ietal region 
is obviously of tlie Gorgonopsid type and cannot be veiy Avide, 
although its Avidth cannot be determined Avith any pretence to 
accuracy. 


Arctognathus curvimola (Owen), Cat. Foss, Kept. 1876, p. 71, 
pi. 68. 

The skull (No. 47339 B.M.N .H.) de.scribed by Owen as Lyco- 
saurus curvimola AA^as found Avith Bicynodon tigricej^is in the 
Gistecephalus beds of the Kagaberg, near Bedford, S. Africa. 
Its palate Avas developed by Mr. Hall and described by Prof. 
Seeley, Phil. Trans. B. 185. The skull Avas then examined by 
Dr. Broom, Avho noted that the parietal region seemed to be 
broad, and made for it the genus Arctognathus. 

The actual preserA^ation of this skull is good ; but before it 
was buried the left maxilla and ectopterygoid, together Avith the 
bit of loAver jaAv in their vicinity, Avere separated from the rest 
of the head by a nearly plane split, moved oiitAvards for about 
15 mm. and there fixed in the sediment. How this very peculiar 
result was brought about is very difficult to understand, although 
tentative suggestions might be made. 

Whilst lying at the surface the nodule containing the skull 
Avas exposed to Aveathering, Avhich has cut doAvn into it so as 
completely to remoA^e the right squamosal, the parietal region 
beyond the middle line, and the postorbital bar. 

Fi-acture has remoA^ed the occipital condyle and part of the 
paroccipital process, but has left the stapes and quadrate with 
the loAver jaAv in articulation on the right side. Enough of the 
occiput is left to make the structure clear. The palate is Avell 
exposed and very Avell preserA^ed, the right ramus of the mandible 
is perfect and well-exposed. 

On the dorsal surface of the parietal region the suture betAveen 
the parietals and the pineal foramen are A^ery Avell shoAvn on a 
weathered face, Avhich lies a little beloAv the original dorsal 
surface ; the right side of this region retains its natural surface 
and shows the structure clearly. 

The skull is short, broad, and deep. The snout is rounded in 
section and terminates in front in the internarial premaxillary 
processes, Avhich form the extreme front end of the skull OA^er- 
hanging the oral margin. 

The very large nostril faces largely outAA^ard and is not over- 
hung by an outstanding corner of the nasal. The septomaxilla 
is small, and the foramen betAveen it and the maxilla veiy small. 

The interorbital Avidth is considerable, but the orbits look 
upAvard and foiuvard as largely as outAvard. The frontal does 
enter into the orbital margin, but oidy through a short distance 
The jAostf rental is a narroAV strip of bone Avedged in betAA^een the 
frontal and the postorbital. 

No trace of a preparietal is to be seen on the parts preserved, 
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the mediao suture is clearly sliowii from the front of the |>ineal 
fominen to a [)oint hetweeii the frontals, and the well-marked 
suture between the frontal and parietal jia.sses veiy little in 
advance of the pineal opening. These sutures are, however, 
exposed at a plane below the orginal dorsal surface, and there is 
a remote possibility" which cannot, although very improbable, be 
entirely excluded, that the preparietal was represented by a. 


Text-figure 18. 



Arctognathns ciircimoJa Owen. Type-skiiH. 

Kesitoiiition of the dorsal aspect, the parts in broken lines being hypotlietically 

restored. 

minute scale of bone lying on the dorsal surface. The pafietal 
region is about as wide as tin* interorlhtal. 

The maxilla is short a.ml deep, its tooth-bearing margin is 
much curved and ]»asses smoothly" with no trace of ;i slep into 
that of the premaxilla. The canines ap])ear not to be completely 
erupted, and the four small cheek-teeth are also not very firmly- 


62 


MR. D. M. S. M ATSON ON THE 


planted. The four incisors, though powerful, are not so dispro- 
portionately large as they are in earlier Gorgonopsids. 

The palate of Arctognathiis is very well-preserved, but its 
anterior end and two strips along the inaxillje are concealed by 
unremoved matrix and by the lower jaw. 

The basioccipital is broken off through the vagal foramen, 
where it is thin and not very wide. The posterior part of the 

Text-figure 19. 



Avctognathiis curvimola (Owen), lype-skull. 

The palate, X f. Stippled area covered b}' matrix and the lower jaw. 

Parts in dotted lines hypothetical. 

A A, direction of the section of Lycosaurns tigrimis,'' text-fig. 20. 

St., stapes. 

basisphenoid forms a triangular area vuth raised lateral margins, 
representing the tubera of earlier forms. Above the edges the 
sides of the lione are fiat and vertical, posteriori}^ they terminate 
in the region of the fenestim ovales, these openings being eon- 
eea.led by the foot of the stapes. Anteriorly these vertical sides 
of the basisphenoid approach together until they are only 
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separated by a narrow ridge which runs forward to the palate 
proper. From the vertical sides of the basisphenoid horizontal 
processes arise ; these l)asipteiygoid processes siii)port the ptery- 
goids. From their articulation with the basisphenoids the 
pterygoids pass backward towar<ls the cpiadrates, Init do not 
articulate with tliose bones, as they appear to terminate in free 
points before reaching them. The pterygoids pass forward, 
forming with the median itdge which continues the basisphenoid 
a bar wliose ventral surface is almost cylindrical, bi'oken only by 
the median fillet. At the hinder end of the palate the pterygoids 
suddenly widen, forming very deep powerful flanges. This part of 
the bone has a ti’ansverse sutni*e with the ec to pterygoid. Medially 
the two pterygoids meet in a visible sutur’e which lies at the bottom 
of a small depression. This sutur^e soon tei’minates at the br*im 
of a much deeper and moi'e slrarply-marked hollow, which, as it 
passes forward, widens and is converged into a deep open gr-oove 
forming anteriorly the whole roof of the much vairlted palate. 
Throughout its extent this gr^oove has well-marked, indeed often 
vertical, sides. Anteitorly this groove is divided into two by a 
ridge which rises from its surface. At about the level of the 
last maxillary tooth this groove is bounded by rougheired areas 
of bone, whiclr appear to have bor*ne teeth. These areas ar-e 
undoubtedly on tire pterygoids and are separated by visible 
sutur-es from the palatines, which lie later-ally to the pterygoids 
in front of the ectopterygoids. Further* foi'war*d these sutui*es, 
which form the iirnei* border of the palatines, approach one 
another and descend into the groove, so that its side-'rvalls are in 
fr*ont formed by the palatine. The ectopterygoids are separated 
from the palatines by visible sutures. 

Thei'e is iro trace of a suture down the mid-line of the gr'oove, 
and its roof seems to be formed by a median bone, which 
tenni nates at the sudden end of the gr-oove and nrust be bounded 
by sutirres with the pter-ygoids along its edges ; of these presumed 
sutures nothing can be seen in this specinren. 

The type-specimen of tigrinus Owen seems to thi'ow 

light on the structnr-e of the palate of Arciognathus curvimola. 

It consists of a fragment of a snout, br*oken ofl" through the 
premaxilla? in fr’ont and by an oblique fractrn*e on the left side, 
but showing much of the i*ight maxilla. It has been so developed 
as to show a small strij) of the sur*face of the right palatine and 
shows a section of the palate on the hinder end. This species is 
I'eferred by Broom to a new geirrrs Arctosachus^ and said to have 
a dental formula, i. 5, c. 1, m. 4 or* 5, r^epreseuting a much more 
primitive t^qDe of Theriodont than Arciognathus. The type- 
specimen orrly shows two incisor*s, a canirre, ami a few cheek- 
teeth, and it seems certain that Br’oom exarrritred and used for 
his descr'iption a snout of Acgmnog)iathus tchaiisl which Lydekker 
had I’efetred to L, tigrinus. 

Except in the lar*ger size arrd sonrewhat diflererrt direction of 
its canine, tire type-specimen of L. tigrinus seems to agr*ee 
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exactly in size and every point which can be compared with 
. 1 . Giirviinola. The section of the palate sliown on its posterior 
fracture is represented in text-fig. 20. 

There is a median element bearing a high dorsal lidge, now 
detached, with a very deep groove on its mid-ventral surface and 
carried out laterally in a long wing, which is overlapped by the 
pterygoid. This bone bears a powerful irregular roughened 
projection carrying small teeth: laterally its surface is smooth, 
and is continued to the hinder end of the maxilla by that of the 
ectopterygoid. The two bones scarcely meet, ljut are joined 
together by a thin film of bone, undoubtedly the palatine, which 
covers their dorsal surfaces. 


Text-figure 20. 



Arctognathus. Type-specimen of Lgcosaurus tigrinus Owen. X 

Obliqueb’^ transverse section as a plane corresponding to A A in text-fig, 19. 

If this section be compared with that which the palate of 
Arctognatliiis would present if cut along the line A-A, there can 
be no doubt of the close affinity — indeed, specific identity— of 
the two forms, for even the possible measurements are in very 
close agreement. 

Thus we have confirmation for the view that the i*oof of the 
median groove in tlie palate of ArciognatJms is formed by a 
median vomer. 

The epipterygoid of the type-specimen of A. curvimola is 
shown to meet the parietal in a long suture, exactly as does that 
of Diademoclon. 


The preceding series of description is based on the more 
complete and satisfactory remains of Gorgonopsids in the British 
Aluseum, la.rgely E ndothiodon- v.owe forms. Of I'ecent years 
Broom and TTaughton, either independently or together, have 
described many comi)lete (lorgonopsid skulls, chiefly from the 
Cistecephalns-vAme. dffiey have, liowever, never given so complete 
an account of any form as that of Ecymnognaihus included in 
this paper, and it is seldom that they have given more than one 
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or, at most, two drawings of any one skull. Thus it is dilhcult 
to carry out any detailed discussion of the mutual relations of the 
known Gorgonopsids. 

In order to discuss with any satisfaction the classification of a 
group, it is necessary to know the main outlines of its history, to 
understand the direction of the advances which make the struc- 
ture of all late members of it diffei* from their ancestors, and 
to work out any adaptive moditications which clniracterize its 
different branches. 

It is now generally agreed that the Gorgonopsids include the 
ancestors of the Cynognathid?e, and that the Pelycosaiirs are a 
group which includes self-contained lateral branches springing 
from the very base of the stem of the mammal-like Reptiles. 
Thus by comparing the two extreme terms, Varanosaurus and 
Diademoclon^ we can gain at once a knowledge of the advances in 
structure which have occurred in the Anomodonts, and on the 
assumption that these changes have proceeded regularly we can 
determine the trend of advance during the evolution of the group. 
Discussion of intermediate forms will then enable us to decide 
whether this trend really expi*esses a true view of the mode of 
evolution, or whethei- the actual observed differences between 
the extremes represent the result of a series of fortuitous changes 
of indeterminate direction. 

The work of Broili,of Case, of Williston, and the present writer 
has led to the view that Varanosaurus is the most primitive known 
Pelycosaur, forming a morphological ancestor to Bimeiroclon^ 
through a Deioj^eusAikQ form. The view that Diaclemoclon or 
Trirachodon is the most advanced of known Anomodonts results 
from the work of Seeley and Broom. 

Tlie differences between the skull of Diademodon and Varano- 
saurus are : — 

he General Shajye. 

In Varanosaurus the snout is very h>ng, square-cut in section, 
and roomy, comj^ared with the rest of skull, with lateral nostrils 
and a long straight tooth-row. The large orbits are entirel}^ 
laterally directed. The small temporal fossa lies entirely on the 
side of the skull and is almost hidden from above by the very 
broad parietal region. Tiie occiput slopes forward, but is not 
deeply cupped. The sides of the skull are nearly straight. The 
skull is higher than wide. 

In Diademodon the snout is short, small in volume, rounded in 
section, with nostrils looking more forward than la.terall}^ The 
tooth -row is short and curved The orbit is conq^aratively small 
and looks very largely forward. The temporal fossa is very 
large, lies entirely on the top of the skull, and is not visible from 
the side, the parietal region I)eing drawn up into a narrow crest. 
The occiput slopes a little forward and is deeply cupped. The 
sides of the skull gradually approach one another to the orbits 
Proc. Zool. Soc. — 1921, No. Y. 5 
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but their direction is then changed as they form the slender 
snout. The skull is much Mider than higli. 

In the Brain-case. 

[The structure of the anterior face of tlie pro-otic and supra- 
occipital is not kno\vn in Varanosaarus'nwiX other regions are not 
very vvell shown. The following account of the Pelycosanrs is 
based on Deiopeus and Dimetrodon.^ 

In Pelycosanrs the basioccipita.l is thick, ending in a large 
rounded condyle. The large fenestixe ovales are placed on the 
bottom of the skull, far out at the side of the deep M'ell-developed 
tubera. The paroccipita.l process is short and slendei’, supporting 
the scpiamosal and touching tlie tabular; it lies well above the 
lower surface of the skull. The pro-otic is small, its anterior face 
in no ’way overhanging the notch for the fifth nerve. Tlie supm- 
occipital is entirely plate-like, not forming a. roof over the bi'ain 
in advance of the Vth nerve. The basi sphenoid is massive, 
forming a sloping door to the posterior part of the bi‘ain-case. 
It bears definite -like basipterygoid processes, anteriorly 
it is in Varanosaitras continued foiAvard by a long channel-shaped 
parasph enoid . 

The parietal does not form any jiart of the side- walls of the 
biain-case. The epipterygoid is a slender rod of circular section. 

Tdie whole brain-ca\Ity is very small in comparison Muth the 
size of the skull. 

In Diademodon ^ on the otliei’ hand, the basioccipital is small 
and plays at most a subsidiary part in the pair of occipital con- 
dyles. The small fenestrie ovales aic placed on the bottom of the 
skull, not very far separated. Basisphenoidal tubera. are repic- 
sented merely by the edges of the triaiigular lov er face of the 
basisphenoid. The j^uToccipital is a long powerful j^i'ocess sup- 
])orting the squamosal and touched by the tabular; it lies on tlie 
loM^er surface of the skull. 

The ])ro-otic is large, being carried foivvard by a great process 
which completely overhangs the trigeminal foramen. 

The supraoccipital is produced forwards by tv^o vungs, vliicli 
cover and form side-valls to a great deal of the brain-cavity in 
advance of the Yth nerve. 

Tlie basisphenoid is a small bone forming a nearly horizontal 
fiooi* to the brain-case. It has sma.ll latei-al basipteiygoid pro- 
cesses with the pterygoids attached to their flat lower surfaces; 
anteriorly it is carried forward by a slender process vdiicli reaches 
the palate and there sjn-eads out into a, broad vomer in the roof 
of the posterioi* part of the naso-pharyngeal ducts. 

The parietal forms a good deal of the side- wall of the brain- 
case. The epipterygoid is a fiat plate forming the side-wall of 
the brain-case for some distance and articulating with the anterior 
edge.s of the pro-otic. Ilie brain -cavity is relatively very large. 

The ear of a l^elycosaur, so far as can be inferred from the 
bone which housed it, lies low down on the side of the brain-case, 
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has small simple semicircular canals, and has a cochlea which 
leaves no evidence of its existence on the bones. 1'he fenestra 
rotunda is represented by a notch on the ridge, which, in the 
bony skull separates the vestibular cavity from the vagal foramen, 
and thus opens inside the brain-cavity. The stapes is ahvays 
very large and is perforated, the fenestra ovalis being a large 
irregular hole. There is no groove for the external auditory 
meatus. 

in Diademodoa the inner ear retains its original position low' 
down) on the side of the brain-case and still shows only siuijde 
semicircular canals. It has, how^ever, a well-defined cochlea 
housed in a cr}"pt passing forward and iinvard, and curved 
forward through about a (juadrant of a circle. The fenestra 
rotunda is a complete foramen, wdiich opens indeed into the vagal 
foramen, but does so on the outer surface of the neural cranium, 
exactly as it does in the young Ornithorhifnchus. 

The stapes, although still of good size, is much smaller than in 
Pelycosaurs, and the fenestra ovalis is a neat round hole of 
small size. The external auditory meatus is housed by a deep 
groove. 

The nose of Diademodon occupies a smaller space than that of 
Dlmetrodon, but the area of its sensory epithelium seems to have 
])een incren.sed by a great development of tiirbinal cartilage, now^ 
only represented by a series of ridges, on the inner surface of 
the nasals and prefrontals which once su[»ported them. Nothing 
of the kind occurs in Pelycosaurs. 

]\[any other features in the nose of the Aiiomodonts can only 
be discussed in connection with the septoinaxilla, palate, etc., 
and then only in a detaile<l discussion of individual forms. 

The Roo f of the Shall. 

In l^^araaosaarus the parietals are short, vei’y broad, and with 
the pineal foramen very far back. Their edges are septirated 
from the temporal fo.ssm l>y a union of the postorbital and 
scjuainosal. There is a large postfrontal lying on the roof of the 
skull. Tl le frontal is a large bone alwaj^s entering into the 
orbital margin. The prefrontals are large l)ones, almost equally 
divided betw'een the dorsal and lateral surfaces of the skull, 
each bearing a depre.ssion on the outer face just in front of the 
orbit. The nasals are narro'w slips of bones. There is a small 
supratempoi-al. 

In Dlademodoa the parietals are long, very narrowq and with 
the pineal foramen between their anterior ends. They form the 
inner margins of the temporal fossae for a very long way, the 
squamosal and postorbital being wudely separated. There is no 
postfrontal. The frontal is a. small bone, not entering the 
orbital margin. The prefrontals are small bones on the rounded 
snout, with no depression in front of the orbit. The nasals .are 
wide, especially posteriorly, ddiere is no suprateniporal. 
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Id side-view tlie skidl of Varanosaurits shows a long slia.llow 
niaxilla, completely separated from the nasal by the long lachrymal 
extending from the orbit to the septoinaxilla. There is no very 
mai’ked specialization of the dentition, all the teeth from the 
premaxilla backv/ard being similar in form and not very dis- 
similar in size. The quadi-ato- jugal is exposed on the side-Avall of 
the skull and the jugal stops considerably before the quadrate. 

Diademodon has a short dee}) maxilla reaching the nasal in a 
long suture. The lachrymal is a small short bone. The dentition 
is fully divided into incisor, canine, premolar,” and “ molar 
teeth.” 

The quadrato- jugal no longer ap})ears on the surface of the 
skull and the jugal extends back to its extreme hinder end. 

The suspensorium of Varanosaurus consists of a large quadrate 
with a definite }Dterygoid wing, whose posterior surface is covered 
by the pterygoid. The outer edge of the quadrate is attached to 
the quadrato-jugal, there being no quadrate foramen. The upper 
})art of the posterior surface of the quadrate is covered by 
the squamosal, that bone }xassing so far iiiAvards as to touch the 
pteiygoid. 

In Diademodon the quadrate is a very small bone, eithei* with 
or without a }iteiygoid wing, but in no case articulating with the 
pterygoid. The outer edge of the quadrate is fused Avith the 
quadrato-jugal, from Avhich it is se]3arated only by a small foramen, 
the articular surface being formed about equally by either bone. 
The whole posterior surface of the joint bone is covered by the 
very large squamosal, Avhich extends down to the condylar edge. 

The primitive Pelycosaur }3alate has the folloAving characters : — 
The pterygoid is a triradiate bone, articulating by a. movable 
facet Avith the basi}3terygoid }3rocess, from which j3oint the 
quadrate ramus rises and runs baclvAvard as a A^ertically }3laced 
sheet of bone, |3assing behind tlie quadrate. The lateral Aving of 
the pterygoid passes directly outAA'ard from the region of the 
ba, si pterygoid and terminates in the usual flange. 

The anterior }3art of the pterygoid forms a large part of the 
essentially fiat }3alatal suilace and ai'ticulates Avith the prevomer. 
It meets its fellow in median suture in Yaranosaurm. The 
dorsal surface of the ]3terygoid is raised into a ridge near tlie 
middle line of the skull. In later forms e. g.), the 

ridge is much exaggerated and its median surface passes 
smoothly into the ventral surface. The }3alatines are small flat 
bones. The preAmmers ai’e distinct. The anterior end of the 
}3alate is not known in any primitive Pelycosaur, but from 
the conditions in later forms there is no doulit that the }30stei‘ior 
nares Avere small and lay in the general }3lane of the I’est of the 
] 3 alate, Avhich was essentially flat. In such later Pelycosaurs as 
Dimetrodo'ii , owung to the step in the loAver edge of the maxilla, 
the } 3 alate is considerably vaulted, and the posterior nares lie 
above the leA^el of the cheek-teeth. 

In Diademodon tho }3terygoid articulates by a rigid suture Avith 
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the lower surface of the basipterygoid process, and there is no 
(piadrate ramus, tlu' bone terminating at its attachment. The 
transverse ramns does not arise from the basipteiygoid region, 
but very much further forward, the posterior part of tlie bone 
being a slender strip, which is united witli its fellow and the 
parasplienoid to form a slender bar. 

The transverse ramus arises very suddenly fi'om this bar, the 
bone being drawn downwai*d into deep and very powerful flanges. 

There is no anterior ramus, the bone ending in a transverse 
suture with the palatine at the I'egion where it joins the jugal. 

The transverse bone is very small and is not included in the 
flange at the foot of which it lies. 

The palatine is a very large bone, foianing a great deal of the 
posterior part of the palate, then tui-ning downward to form the 
lateral wall of the posterior pai*t of the nasophai-yngeal duct, 
and, Anally, developing a secondary plate, which forms a floor to 
that passage. 

The two palatines are separated by a median vomer, which 
forms the roof of the nasopharyngeal passage, apparently ter- 
minating behind in a pointed slip separating the anterior ends of 
the pterygoids, but really passing backward to the basisphenoid. 

The prevomers seem to have vanished entirely. 

The maxilla? send inward secondaiy plates, which continue those 
of the palatine forward. The premaxillie have palatal processes, 
which pass dorsally to the secondary plates of the maxillie and 
touch the antei'ior end of an ossiflcation in the nasal septum, 
viz., a mesethmoid. 

In Varanosaurus the epipterygoid is a slender rod rising 
vertically from the dorsal surface of the pterygoid just in advance 
of the basipterygoid articulation. 

In Diademodon the epipterygoid is a large flat sheet of bone 
forming a side- wall to the brain-case and articulating by a very 
long suture with the parietal and frontal above, having a suture 
with the pro-otic behind, articulating with the basipteiygoid 
process below, and ending in a suture with the pterygoid. 
Behind the basipteiygoid and below the point of exit of the 
maxillary, mandibular, and motor portions of the fifth nerve, the 
epipterygoid is continued backward by a process occupying the 
position of a quadrate ramus of the pterygoid. The ramus in 
certain species articulates with the front face of the quadrate. 

The preceding pages record the more important differences 
between the most primitive and the most advanced known 
Anomodont ; they bring out the direction of the evolutionary 
advances and show how enormous is the structural gap between 
them, a gap represented in time by the relatively small interval 
between the bottom of the Permian and the middle of the 
Triassic system. 

It remains to show how completely this morphological gap can 
be bridged by the material available. Although, as Case and 
Williston have repeatedly and emphatically pointed out, the Pely- 
cosaurs are a self-contained group dying out with Dimeirodoi} and 
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Edapliosaurus^ they show evolutionary changes Avhich are in the 
main in the same direction as those which lead fi’om Varcmosaurus 
to Diademodon^ coupled, of course, with many individual specinli- 
zations. Although it is not essential for the purpose of this 
paper, it is, I think, useful to point out certain of the more 
striking of these advances, using Varanosaurns, Bempens, and 
Dimetrodon as the series of forms. These animals lived side by 
side, and this series is only a morphological one. 

In general sha])e Dimetrodon shows an advance on Yarano- 
saurus in that the snout is much deepened, is scjuare in section 
only immediately in front of the orbit, and is. in general, wedge- 
shaped with a rounded dorsal edge. The parietal region is 
narrower, and leaves the temporal fossae visible fi‘om almve. The 
occiput is more vertical. In the brain-case Dimetrodon shows an 
advance over Deiopeus in that the basioccipital is thinner, the 
hasisphenoidal tubera smaller, and the pa.roccipital process larger. 
The anterior margin of the pro-otic lies further in advance of the 
internal auditory meatus. The brain-cavity is considerably 
deeper and wider posteriorl3\ The fenestra ovalis of Dimetrodon 
is smaller than that of Deioj>eus and the stapes lighter. The roof 
of the skull of Dimetrodon differs from Yaranosaurus in the 
following wn.^^s the parietals are less wide ami the pineal 
foramen further forward. The postorbital is visible from above. 
The pair of fronta.ls have acquired a crucifoiun shape owing to a 
widening of the interorbital surface. Deiop^eus provides an exact 
intermediate, the increased width of the interorbital surface 
having arisen by an increase in size of the pre- and [)ost-f rentals, 
so as to leave a gap which is filled up by a special process of the 
frontal. 

In side-view the skull of Dimetrodon shows a. shortened and 
deepened maxilla touching the nasal in a short suture. The 
dentition is sharply divided into incisors and cheek-teeth bv ^ 
diastema. The third maxillary tooth is much larger than the 
first two, and the lower border of its socket lies well below the 
dentigerous border of the preraaxilla. 

The lachrymal does not reach the septonia.xilla. The orbit is 
placed high up in the skull. 

It seems probable that the deepening of the maxilla and the 
“step” depend on the necessity of finding room for the roots of, 
and the development of, replacing teeth for the greatly lengthened 
maxillary teeth. 

The condition of the canine may depend on the following con- 
siderations: — A large canine in the upper jaw presupposes a. 
similar tooth in the lower jaw ; such teeth, winch are designed 
for killing animals, are most useful in the front of the mouth. The 
lower jaw, as a. whole, bites inside the upper jaw. The first tooth 
of the lower jaw cannot be much enlarged, because of the difficulty 
of making a pit for its rece])tion near tlie middle line in the 
palatal process of the premaxilla ; hence the lower canine cannot 
be quite at the end of the jaw. A large lower canine almost 
involves a diastema in the upper jaw for it to bite into, because 
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Text- figure 21. 




Series of drawings of tlie right lateral aspect of Pel}Tosaur skulls, 
reduced to the same length. 

Varanosaurus acntirostris Hroili, restored from the type-skull in IMunich, partly 
after Broili. B. Deiopeus leptocephalus Cope, restored from the type-skull 
in the American iMuseum. C. Sphenacodon ferox Marsh, after Willistou. 
L). Dimetrodon pigas Case, from a photograph published hy Case. 
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})Ging latei'al]}^ placed, the formation of a pit in the })alate 
for its I'eception so narrows the dentigerous part of tlie maxilla 
ontside it as to leave no room for a tooth. Tlie same factors will 
render difficult any great enlargement of tlie next tooth, and the 
upper canine thus comes to lie behind the diastema and separated 
from it by at least one small tooth. Considering the mechanics 
of the whole arrangement, it appeals useful to make the dentition 
more or less symmetrical about the diastema by enlarging a pre- 
maxillary tooth to cori'espond with the canine, so that the single 
loAver canine forces the prey into the gap between two large upper 
teeth. The dentition so designed is l ealized in JHmetrodon^ 


Text-figure 22. 



A. Superimposed outlines of sagittal sections of the brain-cases of Deiopeus m 

broken line and JDimetrodoyi in contimious line reduced to the same length, 
to show the thinning of the basis cranii, the enlargement of the brain-cavit}-, 
and the forward growth of the pro-otic. 

B. Superimposed outlines of sagittal sections of the brain-cases of Leptotra- 

chelus in broken line and Diademodon in contiiiuons line reduced to the 
same length, to show : the thinning of the basis cranii, the forward growth 
of the pro-otic, the enormous increase of the cerebellar cavity, and the 
relatively slight growth of the cerebral region. 


The great deepening of the maxilla demanded by the canine 
automatically squeezes out of existence the anterior part of the 
lachrymal. 

Deiopeiis Ophiacodon pvovi(\Q nn exact intermediate between 
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Varanosauj'iis i\.m\ Dlhietrodoa in dentition, as Case lias already 
shown. 

In the palate Dimetrodon ditters from Varauosaitrus in that the 
transv^erse flanges of the pterygoids have moved much forward 
from the basipterygoid region. The condition in Deio'peus is not 
known. Thus many of the structural changes which separate the 
advanced from the primitive Pelycosaurs are in the same direction 
as the general advances of the Anomodonts from first to last. 

The earliest known Gorgonopsid is Gcdesuclms gracilis Ilaugh- 
ton, from the Tai:>inocephalus-zone. 

This skull I have not seen, but judge that it is so much 
w'eathered that the original shape of the sqnamosals cannot be 
seen. Only the dorsal aspect has been figured. The skull is very 
remarkable, differing much from all later Gorgonopsids and even 
more from Pelycosaurs. Its only primitive features seem to be 
the extremely sloping occiput (the apparent slope being possibly 
exaggerated), the high position of the foramen magnum and 
foramen jugulare, the large deep paroccipital processes, the 
great size of the frontal, and the lateral direction of the orliits. 
It is, however, so incomplete!}^ known that a full discussion of 
its affinities is impossible. 

The most primitive known Gorgonopsid is Arctops. This re- 
tains as primitive features, which it shares with the Pelycosaurs: — 
the square section of the snout with a dej)ression on the preorbital 
surface overhung by the prefrontal, the lateral direction of the 
orbits, the extreme parietal width, and the shortness of the 
parietals. The resemblances in the basici’anial and otic regions 
have been discussed (P. Z. S, 1914, p. 1027). 

The palate retains a primitive structure in the non -fusion of 
the prevoiners. 

The skull shows advances over Y aTanosa^tTl^s in the following 
ways : — Owing to the need of increasing the size of the temporal 
muscles the squamosal is bayed outward, a modification which 
makes the temporal fossa visible from above ; this change not 
only allows of greater thickening of the temporal muscles during 
their contraction, a function which is believed by Gregory and 
Adams to be the factor which determines the origin of fenes- 
tration, but also enables the outer part of the temporal muscle to 
acquire a new origin on the upper edge and inner surface of the 
zygomatic arch, thereby establishing an independent masseter 
muscle. At the same time this widespread z 3 ^gomatic arch passes 
much laterally to the quadrate and leaves that bone, with 
the quadrato-jugal attached to its outer margin, lying entirely 
within the back of the enlarged temporal fossa ; these bones, 
having thus lost the support that they originally received from 
the junction of the quadrato-jugal with the jugal and squamosal 
by sutures, can onl}^ be adequately supported by a more powerful 
abutment on the paroccipital process and by an extension of the 
squamosal down their posterior surface. 

At the same time the lateral extension of the squamosal renders 
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the back of tlie skull much widei* than the neck, anti makes the 
t}nn panic membrane lie much nearer the middle line than tlie side 
of the skull. As it is necessary to keep this inembi-ane exposed 
to the outer air, any swelling of the neck will automatically lead 
to the formation of an external auditory meatus; the beginnings 
of this passage are seen in Arciojys in a groove on the posterior 
surface of the squamosal, just outside the end of tlie paroccipital 
process. 

On the vential surface Arctops has ailvanced over Varano- 
sauTus in the shift forward of the great pterygoidal flanges to 
a position far in ailvanee of the basipterygoid processes; this 
change results in a. further great enlargement of the cavity for the 
tempoi’al muscles, and allows the development of great pterygoidal 
muscles with an insertion on the dorsal surface of the palate. 

This shift forward of the flanges has occurred in Diwetrodon, 
but the conditions in Arctops differ from those in the earlier 
form in the fusion of the posterior parts of the pterygoids ami 
parasphenoid into a massive ridged girder. This change adds 
greatly to the strength and rigidity of the skull, but its details 
cannot readily be explained by mechanical considerations; the 
most important of these is the replacement of normal basijitery- 
goid processes by the laterally directed fiat lappets wliich occur 
in all Theriodonts. 

In the palate itself the more important changes are the 
development of a. median groove, a necessary preliminary to tlie 
establishment of a secondary palate, which is brought about by 
that change in the dentition involving the development of a 
“ step ” between the maxillary and incisor teeth which has been 
discussed under Dimetrodon, and the extreme posterior position 
of the hinder ends of the posterior nares ; this latter change 
is itself probably to be associated with the incipient secondary 
palate, leading as it does to a longer air- passage whose posterior 
end is not so easily closed by the presence of food in the anterior 
part of the mouth. 

Another adyance in Arctops is the more vertical position of the 
occiput. 

Gorgonops is in some ways as pi-imibive as Arctops^ with which 
it shares very broad parietal and interorbital regions and a 
square sectioned snout. The orbit faces laterally in both forms, 
and each has a remarkably broad interparietal, a feature in which 
they resemble Deinocephalians. 

Gorgonops has a pair of large frontals, which ai’e cruciform in 
plan exactly as in the later Pelycosaur. 

The prefrontal is a large bone which ovei-hangs a well-marked 
depression on the preoi-bital sin-face. 

Gorgonops shows advances over Varanosaurus which, so far as 
the parts aie known, include all those which occui- in Arctops^ 
with the following additions Tlie external nostril in Gorgonoj^s 
is much complicated by the great development of tlie septomaxilla 
and the foramen behind it. This foramen, first recognised by 
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Case \\\ Dimetrodon,oco:\\xii in all the more primitive Aiiomodoiits 
and is still of uncertain function. Tn all Pelycosaurs the septo- 
maxilla is a small bone resting on the maxilla and premaxilla at 
the hack of the nostril, being touched by the nasal and forming 
with the otlier hones the foramen, which I propose to call the 
septo in ax ilia ry f orain en . 

Tn Dimetrodon the lower edge of the septomaxilla, where it 
I’ests on the maxilla, is turned inwards and forms a partial floor to 
the nasal passage. The anterior border of the septomaxilla is 
provided with a. process which partially divides the external 
nostiil into a lower and an upper part. 

It is probable that the process on the anterior edge of the 
septomaxilla is associated with the original tiirbinal, simply 
forming the anterior end of that ridge, lii the living lizards and 
snakes, the septomaxilla lies inside the nostril as it does in the 
Captorhinids, the collateral ancestors of the Pelycosaurs ; it lias 
in them a characteristic and uniform situation, in that it is 
ossified in the membrane dividing the main nasal cavity from 
Jacobson’s organ, lainning nearly horizontally from the maxilla 
to the cartilaginous nasal septum. 

In Anomo lonts I have only heaixl one possible suggestion for 
the function of the septomaxillary foramen, that it served as an 
outflow for the ductus naso-laclirymalis, the liquid poured out 
from it serving to keep the muzzle wet as in Artiodactyls. This 
vdew is in harmony with the known position of the duct in early 
a.mphibia and re|)tiles. It, however, does not afford any satis- 
factoiy explanation of the great size of the foramen in Gorgonoj)s. 

The very peculiar conditions in the Deinocephalian Mormo- 
saurm (Proc. Zool. 8oc. 1914, p. 757, figs. 1 & 2) suggest another 
explanation. In this animal the ordinary external nostril, which 
ill early reptiles always lies between the premaxilla, the septo- 
maxilla, and nasal, appeal's to be represented by a minute foramen 
between the septomaxilla and the nasal. The large opening 
which is the functional nostril seems to be really a septomaxillary 
foramen, as it lies between the premaxilla, the maxilla, and 
septomaxilla, a. situation which is never occupied by the ordinary 
nostril in early reptiles, but agrees with that of the septo- 
maxillary foramen in the earlier Theriodonts, Thus this foramen 
must be of the nature of a nostril. The characteristic position 
of the septomaxilla in Sqimiuates suggests that the foramen leads 
into Jacobson’s organ, ami it will follow that that organ was 
the functional olfactory organ of Morwosmn'ns\ the shallowness 
and small size of the upper part of the nasal cavity, which 
disi inguishes from such Deinocephalia. as J\[oscho 2 '>s 

with a normal septomaxillary foramen and nostril, can thus he 
accounted for. 

The advances over Varanosattrus which are shown in the nose 
of Gorgonoi}s are:— (1) the direction of the nostril forwards 
instead of laterally, a change which renders the appreciation of 
odours coming from the direction in which the animal is pro- 
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ceecling moi’e delicate, because owing to a Pitot ellect more air 
will be driven into the nasal cavity ; (2) a great increase in the 
size of the septomaxillary foramen, possibly associated witli a 
further elaboration of Jacobson’s organ ; (3) a great increase in 
the size of the facial part of the septoinaxilla— this ma}^ be due 
to purely mechanical reasons. 

Another advance very clearly shown in Gonjonojys is a great 
deepening of the maxilla and a concurrent reduction of the 
lachrymal, the prefrontal showing little reduction. 

The palate of Gorgonops is ad /anced in the great size of the 
internal nares, in the width, depth, and backward extension of 
the median groove, in the internarial bar being single, and in 
the occnri-ence of a median vomer in the back of the palate. 

The very large size of the pteiygoids and the forward position 
of the roughened and possibly tooth-bearing areas on these bones 
are primitive features. 

The basicranial region shows no structural detail. 

Scymnognathis vjhaiisi shows many resemblances to Gorgonojys 
in its snout. 

It shows advances over Arciojys in the thinner basioccipital, 
smaller basisphenoidal tubera, and less massive paroccipital pro- 
cesses. 

The bra in -case is advanced over that of the Pelycosanr 
Dimetrodon in the great forwvard extension of the pro-otic and 
supraoccipital and the junction of the latter bone with the 
epipterygoid ; a remarkable featme is the foi-wai-d process of 
the basisplienoid, wliich forms a floor to the brain-case in 
advance of the pituitary fossa. 

The most striking advances over Arctojys are tlie gieat reduc- 
tion in width of the parietal region, the lengthening of the 
parietals, and especially the enormous increase in spread of 
the scpia.mosals. The turning backward of the upper part of the 
squamosal at the posterior margin of the temporal fossa makes 
that opening even largei‘, and inci’eases the length of certain 
fibres of the temporal muscles. 

So far as known, similar difierences sej)arate Scymnognatlms 
from Gorgonops^ the latter genus having much larger f rentals 
than the former. 

By the great expansion of the widtli of the back of the skull, 
the orbits of Scymnognatlms are made to look partly forward. 

Another small but important advance in Scymvognaihus is 
that cei'tain fibres of the temporal muscle iiave secured an origin 
from the dorsal surface of the parietal region. 

Scymnognatlms is probably less advanced than Arciojos and 
Gorgonops in its less vertical occiput. In the palate Scymno- 
gnatlms is ])robably less advanced than Gorgonops in the small 
size of the median groove, and its restriction to the anterior 
part of the palate and to a narrow space round the hinder end 
of the posterior nares. 

The incompletely known Lepioirachelns shows an impoi’tant 
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stage ill the advance in structure of the basicranial region, 
ulread}^ discussed in P. Z. S. 1914, p. 1027, ligs. d ik 4; it is in 
this region more advanced than any otlier known Endoihiodo)i- 
zoue Gorgonopsid. Jt retains as primitive features the very large 
(juadrate, large postfrontal and frontal, and a sloping occiput. 

Thus the Endothiodon-'/.owQ Gorgonopsids show definite ad- 
vances over the Pelycosaurs in the direction of Diademodon. 
Each form is advanced in certain features whilst retainino- a 

o 

more primitive structure in others, so that an imaginary animal, 
built up by throwing together the most advanced features found 
in all tlie actual animals, would be far more advanced than any 
one is on the average ; although in no point would it be more 
advanced than a known form. In fact, the evidence existing 
here, small though it is, suggests that there is a limit to the 
total amount of advance possible to the members of a group in a 
given time, and tliat these clianges may be distributed either 
over tlie whole animal or concentrated on a rielinite region, which 
will then present a structure of much more advanced type than 
is found in allied contemporaneous forms. A somewhat similar 
conclusion seems to have been reached by W. D. Matthew from 
the stud}^ of the more abundant material of fossil mammals. 

IJiscussion of the Gorgonopsids of the Cistece 2 )h(dits-zo\\Q is 
rendered difficult by two factors — -the incomplete descriptions 
and insufficient figures of many of the [)erfect skulls in S. Africa 
and New Yoi-k, and the fact that the Cisiecephcdiis-zoue is a 
long one and that we do not know the relative ages of the 
Gorgonopsids tioin it. it will appear from the evidence to be 
brought forward in this paper that the forms from Dunedin and 
Nieuweveld localities are early, those from New Bethesda and 
the Kagaberg which are associated with Dicynodon tujriceps 
considerably later in time. There is, however, no stratigraphical 
evidence that this is so. 

From the Cisteceidudiis-mwe Broom ami Tlaughton have 
described several forms as species of ScyuinoynathiLs — S. tiyriceps 
B. it H., S. parims Br., 8. miuor Br., A. cuujitsticeps Br., S.serm- 
tidehs Han., are all from the Nieuweveld. These forms may 
very possibly be congeneric ; they agree \\\\\\ Scymnorjualhiis in 
having i. 5, c. 1, m. 4 5, but quite certainly do not belong to 
that genus. The}" diffier from EcymnognatJuts whaitsi in the 
following characters : — 

The snout is very much deeper, its antei ior end instead of 
being rounded is vertical {cf. Broom,P. Z. S. 1913, p. 225, pi. 3(5), 
the external nostril is much larger, the septomaxillary foramen 
smaller. The anterior end of the nasal does not fully overhang 
the nosti'il. The top of the snout may l)e ridged, and the square 
section with a, preoi'bital de[>ression overhung l)y the prefrontal 
is entirely lost (cf. S. serratidens^ Ann. South Afr. IMiis. vol. xii. 
p. 89, pi. xiii.). The snout is much shorter and the prefrontal 
in consequence smaller. 
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There is no step in the upper jaw, the curved tooth-bearing 
edge of tlie premaxilla passing smoothly into tliat of the maxilla. 
In tlyriceps the sqnamosals are not nearly so much spread, the 
skull being much deepei- in [)ioportion to its width. If we may 
trust the existing description of a not veiy satisfactoiy prepara- 
tion, the palate of >S'. tigrice'j^s differs fi’om that of iS. whaitsi in 
the loss of the aiiteMor projection of the pteiygoid and the great 
extension of the palatines. On the other hand, judging from 
the description by Haughton of its endocranial surface, the 
brain-case of tigriceps ]nay have greatly resembled that of 

whaitsi. 

Thus the Cistecephcdus animals referred to Scymno- 
(jnathus do not belong to that genus, but differ from it by a 
series of advances which will be seen to be all in the direction 
leading to Diaclemodon. Certain of these species appear to 
resemble Lycosaurus pardalis considerably, agreeing Avith that 
animal in dentition, the short high snout with a rounded dorsal 
surface, the huge nostril, the vertical internarial bar, the small 
exposure of the septomaxilla, the absence of a. step in the upper 
jaAV, the short and deep maxilla, and the small prefrontal. All 
of them, however, seem to retain a laige postfrontal bone. 

Thvo other remarkable forms, apparently from the lower part 
of the Cistecephalits-Y.owQ, Scylacoj^s capensis and Gonjognathiis 
longifrons, are of interest because they strongly recall Endothiodon- 
zone forms. 

Gorgognathus with its immensely long Ioav snout someAvha.t 
resembles Ecyniiiognatltus udiaiUi, and its very broad interorbital 
and intertemporal surfaces agree with Gorgo\iops. It is, however, 
advanced in the following characters: — The loss of the step in 
the jaAV, the rounded snout, and especially the vertical occiput. 
Haughton has pointed out another aihmnced featui'e in the 
stiTicture of the l)asicranial I’egion. Ecylacops is a small unusual 
form with a low broad snout: it is adA^anced in the exclusion of 
the frontal from the orbital margin, in the rather A^ertical occi- 
put, in the lo.ss of the step in the np]>ei- jaAV, and especially in the 
loss of the anterior ran] us of the pterygoid : it appears to retain 
a rather pj-imitive Gorgonojys-MX^e nose and has only small 
temporal fossa*. Broonis figure of the occiput suggests that it 
is advanced in the shallowness of the paroccipital processes. [It 
is probable that the fi-agment of a Gorgonopsid skull Avhich T 
described (Ann. k Mag. Nat. Hist. 1913, vol. xi. p. 65, figs. 1-4) 
belongs, if not to Scylacops, at any rate to a closely allied form.] 

Arctognathas curvimola is a far more adA^anced form than any 
so far discussed in this paper ; it pi'esumably comes from a higher 
hoi-izon ii] the Cistecephcd us- than Gorgognatlius^ etc. It 
shoAvs advances in the following features : — The snout is shoil, 
narrower than the orbital I’egion, rounded over the mid-line. 
The nostrils are A^eiy large and the septomaxillary foramen 
small. The nasals do not overhang in froiit. The interorbital and 
intertemporal surfaces a.i’e narroAV, the orbits facing outAA^ards, 
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upwards, aiul a. little i’oj wards. Tlie po.stfrontal is very 
small, the preparietal is absent. The maxilla is very short and 
deep, there is no step in the upper jaw. The prefrontal is short 
and probably small. I have ahead}" shown that tlie basicranial 
and otic regions are very advanced (Proc. Zool. Soc. 1914, 
p. 1028). The epi pterygoids are widened and fiat, very much 
as ill Dlademodon. The posterior end of the quadiute ramus of 
the pterygoid no longei’ reaches the quadrate. The i)terygo- 
parasphenoidal girder, instead of liaving a flat ventral surface 
from which a deep median crest rises, is rounded, witli tlie crest 
represented liy a low fillet. 

The palate is most conveniently compared with that of 
Gonjoi}ops^ which represents an earlier stage leading to it. 

The great median groove is deepened and its roof is entii*ely 
formed by a median vomer, which presumably represents a 
forward growth of the posterior median bone of the Gorgonops 
palate. Anteriorly the ridge rising from the vomer in Avcto- 
gnathns suggests that there was a soft secondary palate into 
which a secondary l)ony plate may have grown out in the 
concealed part of the palate. 

The tooth-bearing roughened area of the anterior ramus of 
the pterygoid lies much further back than in Gorgonops^ and the 
})terygoid no longer reaches the posterior nares. 

The quadrate of Arctog aathus is much smaller than that of 
ScgiitiiogRathas. 

The conversion of ArctogH.aihas into a “Cynodont” like (dgno- 
gaathus demands only the following clianges : — 8till further thin- 
ning of the basis cranii, further reduction of the quadrate wing of 
the pterygoid, the development of a connection between the 
(piadrate wing of the e|)ipterygoid and the paroccipital ; further 
retraction of the anterior ramus of the pterygoid, so as to reduce 
the roughened areas to a [>air of small knobs on each si<le of the 
posterior end of the median groove ; a little reduction of the 
ectopterygoid ; the develoi)ment of secondary })lates from the 
maxilke and palatines in the existing soft secondary ])alate; 
the conversion of the narrow intertemporal ai-ea into a sagittal 
ci’est, to increase the length of the temporal muscles; the loss 
of the postfrontal, and a further reduction of the frontal and 
prefrontal, leading to an increase in size of the posterior part of 
the nasals. These changes are all in the same direction as those 
which convert a Pelyco.sa,ur like Varanosauras into a Theriodont 
like Gorgonops^ and an animal like Gorgonops into a form like 
Arctognathus^ and are, on the whole, smaller than those which are 
necessary to cairy out the earlier improvements; in fa,ct, 
guathiis^ wdiich is technically a Gorgonopsid, is structurally closer 
to Gynognathn.s than it is to Gorgonops. 

Amongst other advanced forms allied to the Gorgonopsids an<l 
coming from the CisCp-cepJudns-Y.owe are (U/nosacJnts and WhaHsia^ 
which have both been excellently described, though not coin- 
idetely figured, by Haughton. 
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\Fhaitsia is a remarkable form with a somewhat primitive 
basicranial region, and a palate which in general agrees with 
Gorgonops, but differs in the development of a special process 
passing out on each side of the interna rial bar so as to divide 
each posterior nostril into two. [The meaning, nioi‘phology, and 
function of this arrangement are quite uncertain, the anterior 
vacuities are not exactly homologous with the anterior palatine 
incisions of mammals and Cynodonts, because the posterior 
border of these incisions is always formed by the anterior edge 
of the secondary plate of tlie maxilla.] Wkaitsia is very advanced 
in the i-eduction of the wide parietal region to a narrow sagittal 
crest, which characterizes it, and in the extreme reduction of the 
dentition. 

The preceding discussion shows that the Gorgonopsids include 
a series of forms which exhilat in their skulls a gradual series of 
changes by which so piimitive an animal ns Arctops passes in- 
sensibly into a Gynognathid. It establishes clearly the existence 
of a series of evolutionary trends, which persist without change 
from the beginning of the Anomodonts in Varanosaurics to their 
end in Dlaclemoclon, and indeed to lead on to mammals. It 
remains to discuss the other primitive Theriodonts included in 
Broom’s order Therocephalia and the Deinocephalia, to see how 
far these evolutionary ti‘ends apply also to them, and to consider 
the relation of these forms to tl}e Gorgonopsids, which are 
plainly the central group of the Theriodonts. 

No Therocephalhin is at all well known, despite the very large 
number of forms which have been described. We know the 
dorsal and lateral surfaces of the skull in a good many forms 
i^Scglacoscmriis, Lycosanrus^ Scaloposauras^ etc.), the palate is 
known more or less completely in others [Scylacosaurus^ Scyiii- 
nosatiriis, Scalop>osaaras^ etc.). The basicranial region is known 
in no Theiocephalian, neither has any occiput been figured. 
Haughton has described the brain-case of Alopecognathus, but 
his figure is notin all points the charactei- of the supra- 

occipital and the relations of the interparietal and parietal) very 
convincing. 

The most important materials of Therocephalia in the Biltish 
Museum are the more or less complete skulls of Scaloj^fosaurus 
from the Ctstecephalns- 7 .o\\e and Scylocosaarus and Scynmo- 
saurus icatsoni from the TajAnocephaUis-muQ. 

ScYMNosAURUS WATSONT Broom, Pioc. Zool. Soc. 1915, p. 169, 

fig. 6. 

Lycosnchas'^. Watson, Proc. Zool. Soc. 1914, p. 1036, fig. 7. 

Type : a skull with seven cervical vertebrte in natural ai-ticu- 
lation, othei’ vertebrjv and fragmentary limbs doubtfully 
associated. Ta2nnoceph(dns-7.o\\e, IJitkyk, Dist. Prince Albert, 
Cape Province. 

Tlie skull of the type is curiously preserved: it is embedded in 
a calcareous nodule, which breaks with a conchoidal fracture and 
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is so lo;uled with a very line siliceous mud as to be glass-hard, 
completely blunting a carefully hard-tempered chisel after a 
single blow. 

The skull is broken through along the plane of the palate, [>art 
of that structure adhering to each block. 'I'he skull is then 
broken through by a split which passes through the brain-cavity 
and removes the whole left posterior corner of the skull behind 
the orbit. Finally, another split traverses the occiput, part of 
that region adhering to each surface. 

Where weathering has softened the matrix, very good pre- 
parations are easily made, and in these regions, especially where 


Text-hgure 23. 



Occipital aspect. X jj. 


the bone has been cleaned by weathering, the [)reservation is 
extraordinarily good. Development of the unweathered regions 
is a very difficult and extremely slow and tedious process. Never- 
theless, I have been alile to make a satisfactory prejmration of the 
inner surface of the cranial cavity. 

The occijmt now shows nearly every detail of its structure, 
although a direct view of its posterior surface cannot be seen. 
Its outline is well shown ami the posterior surfaces of the cpiad- 
rates and scpiamosa.ls are clean. 

Dr. Broom’s figures give a. good idea of the general shape, the 
structiire of the dorsal and lateral aspects not being shown. 

Prog. Zool. Soc.— 1921, No. YI. 6 
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My former fioTire gives a good idea of the palate, whose struc- 
ture is well shown. It, liowever, does not clearly illustrate the 
exact mode of articulation of the quadrate to the squamosal and 
the structure of the extreme postero-lateral corner of the skull 
and the auditoiy groove. This inaccurac} , which is not of a very 
serious nature, was due to a misunderstanding by about 30° of 
the orientation of the detached left corner, which was at that 
time the better exposed. 

The basioccipital condyle is largely concealed by the attached 
atlas, but is partly exposed from below and cut b}^ fractures which 
give sections through it. It is I’ounded and nearly twice as wide 
as it is deep. It is short and immediately in front of it, at a plane 
a little in front of the genei-al occipital surface, lie the very 
broad and massive basisphenoidal tubei'a. These have a flat 
posterior surface overhung by the projecting exoccipitals, which 
are separated from them by the small vagal foramen and per- 
forated by small foramina for the Xllth nerves. The structure 
of the anterior part of the basisphenoid has already been described. 

The paroccipital pi-ocess is very massive ; not only is it thick 
from back to front, but the small post-tempoi’al fossa is placed 
high up so that the process is deep. Although the fenesti*a ovalis 
is not visible there can be no doubt, from consideration of the 
general structui’e, that it lies far out. 

Very little of the supraoccipital is visible from behind, the inter- 
])ai’ietal terminating only a short distance above the foramen 
magnum. 

The joint supraoccipital a.iul intei’paidetal form a, very thick 
mass wliose posterior surface stands nea,]-]y vertical. 

The occiput, as a wliole, forms an equilateml triangle with an 
angle at the top. To the lower parts of the lateral sides of this 
triangle two others are added, standing out as fins; these are 
comi)Osed of those parts of the squamosals which articulated with 
the jugals. 

The lower and median parts of the main triangle are Hat and 
stand vei'tically, the lateral borders ai-e turned back, so that 
viewed as a whole the occiput is deeidy cupped, the back- turned 
margins gradually approach one another and, finally, fuse to form 
the very deep sagittal crest. 

The extreme upper part of the occiput is formed by the 
parietals, the interparietal terminating far below the summit. 

Laterally the parietals are covered by the tabulars, which form 
the margin of the occiput for some distance, strengthened by 
pi'oduction of the parietals along their anterior faces and more 
laterall}^ by a similar covering of squamosals, which, indeed, over- 
lap onto the pai-ietals. 

The squamosals articulate, as just described, with the parietals 
and tabulars, and then extend outward into powei'ful processes, 
their up23er parts being tinned backward so as greatly to increase 
the size of the dorsal o^^ening of the temporal fossae. 

The venti'al halves of their 2 >^sterior surfaces are vertical, 
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coiitiluliiig the plane of the paroccipital processes, witli whose ends 
the}’ are rigidly articul;ite<l. The posterior surface of the lower 
part of the squamosal is separated from that of the paroccipital 
by the usual ridge, which borders a groove for the external 
auditory meatus. 

This ridge continues upwards until, just below the level of the 
post- temporal fossa, its hinder margin is turned inwards as 
a scroll with a thickened edge in a very unusual manner, not 
understood by me when I published my figure of the palate. 


Text-figure 24. 



Braiu-casc in sagittal section seen from the left side. Epipterygoid of left 
side seen in outer view. X 
I internal auditory meatus. 


This scroll overhangs the occiput, but very ra[)idly subsides 
into the general surface of the squamosal, just at the point where 

that bone begins to bend backward. ^ i . 

The lower edge of the squamosal is thin and is split by two 
notches associated with the attaclinient of the quadrate. 

The quadrate, or in all probahility the fuse.l quadrate .and qu.ad- 
rato-jugal, is relatively small, nothing of it.s hinder surface being 


84 


MR. D. M. S. WATSON ON TTlE 


visil)le except the exti-eme ai-ticiilar edge and the two processes 
which interlock witli the squamosal. There is evidence that it 
is no higher than the paroccipital process, hut its upper edge and 
front face are not seen. The bone extends only very slightly 
laterally of the outer process, forming the extreme end of the 
lower margin of the occiput. Above its end the bordei* of the 
squamosal runs upward and slightl}^ outward, its front face being- 
supported by the jugal. 

The plan of this very remarkable occiput is repeated in a less 
exaggerated form in Scylacosaurus sclateri^ so fai* as the still very 
incomplete preparation of the British IVIuseum skull allows of a 
compaiison. 

The brain-cavit}^ of Scymnosaurus behind the epipteiygoid is 
now fairly well exposed. Its general characters wall be best under- 
stood from text-hg. 24. Tlie foramen magnum is extremely 
small, but the braiu-cavit}" is somewhat larger than -would be 
anticipated ; although not high it is fairly Imoad, especial!}^ in 
advance of the exit of the vagus. It is of normal Anomodont 
type with an opening to the inner ear placed very low down and 
with this opening conhnent with the foramen foi* the Xth nerve. 
The sunken edge which separates these openings is continued 
upwards l>y a ridge on the wall of the brain-cavity, which 
separates the narrow medullaiy from the wider cerebellar region. 
The ])ituitai‘y fossa, although not cleared of mat]-ix,is undoubtedly 
shallow. There is a powerful process below the notch for the 
Vth nerve, and the supra occipital, with possibly a strip of the 
pro-otic, extends forward as side- walls as far as the epipteiygoid, 
passing median of that bone. 

The limb-bones doubtfully associated with the type-skull are 
small and very slender, so that it they really belong to it the 
proportions of the animal must have been like Ilytmodon, If 
tliey do belong the agility wdiich they imply may be the ex- 
planation of the unexpectedly large cerebellar cavity, which, 
however, shows no trace of floccular fossa". 

It is interesting to compare Scymnosaurus with Scymiwcfuathus^ 
which is of about the same size, though later in time. The two 
animals are carnivorous and have very similar dentition, especially 
in the feebie molar series. 

The Thei-ocephalian is the more advanced in the following 
cliaracters : — 

1. Tlie reduction of all parts lying below the base of the 

brain, tlie basioccipital, basisphenoid, and especially 
the quadrates. 

2. The reduction of the intertemporal region to a narrow 

sagittal crest. 

3. The shortening of the snout. 

4. The lengthening of the temporal fossa?. 

ScymMOsaurus rather recalls Scymnoy nathus in its square-cut 
snout, Scylacosaurus is much more advanced in the rounding of 
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the dorsal surface of the nose, in both forms the extreme lowness 
of the face in early Gorgonopsids is lost, the maxilla being deep 
and the anterior part of the skull in general high. 

^riie incisor-teeth in Scylacosaurus are small and the pi*emaxilla 
shallow below the nostril. 

There is no step between tlie canine and the incisors, the teeth 
forming a ciirv'ed row like that of the latest Gorgonopsids and the 
Cynogna.thids. 

A preparietal appears to be lacking in Therocephalia, other- 
wise the interorbital region does not difter greatl}" from tliat of 
Gorgonopsids. 

In the palate the Gorgonopsids are all more primitive than the 
two Therocephalians in not possessing a snborbita.l fossa. The}’ 
are, however, all far more advanced in their possession of the 
vaulted palate, which leads so directly to the development of 
a secondary palate, and in the complete suppression of an inter- 
pteiygoid fossa. 

Tfie median pai*t of the palate of Scymnosaurus even projects 
slightly above the general level, that of Scylacosauriis is essen- 
tially flat. 

Scymnosaurus shows an advance on Scylacosaurus in the median 
vomer which appears on the palate. 

Both Therocephalians agree with one another in certain special 
features, such as the extent to which the ectopterygoid con- 
tributes to the pterygoid flange (in which they differ from the 
Gorgonopsids); and in their general appearance, in the structure 
of the occiput, etc., they in no way recall the Cynognathids, as do 
all the Gorgonopsids dealt with in the preceding parts of this 
paper. 

Scymnosaurus and Scylacosaurus are Ta2yhwcephalus-7.0Y\Q 
forms, and there is no evidence of any animals with similar 
structure in the succeeding Endothiodon- and Cisteccjyhalns- 
zones. 

No certain Therocephalian is known in the Endothiodon-zowe 
(as I understand it), nidess Broom’s Ictidognathus is of that age. 

In the CisUcep)hahis-7.o\\<c Scalojmsaurus, represented only by 
the type-skull from Stylkrantz, is the only satisfactoi*ily preserved 
form. It has been well descrilied and figured by Owen and Broom, 
whose accounts should be referred to. The little skull differs 
exceedingly from Scymnosaurus, the tem])oial fossae are short, 
there are no pronounced sagittal and lambdoid crests, the sqnamo- 
sals are not expanded, and the postorbital apparently does not 
reach the jugal behind the oi'bit. [This may be only on account 
of weathering of the surface.] 

On the palate there is evident a wide interpterygoi<l vacuity, 
agreeing with the much narrower opening in Scymnosaurus', there 
are large suborbital vacuities as in that form. Nothing is shown 
of the anterior part of the palate, nor are the details of the basis 
ci*anii well displayed. 

Thus the extant material of Therocephalia sheds no light on 
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the evolution of that group, and the known forms are so few that 
no classification is possible. 

It is, I think, reasonable to assume that the Therocephalia 
have sprung from the Gorgonopsid stock, and that they represent 
a series of distinct branches which display a much more rapid 
advance in structure than the conservative main stem. These 
advances are, on the whole, along the trends of Gorgonopsid evo- 
lution, quite early Therocephalians thus agreeing in certain 
features wdtli Cynognathids. It is, as I have alread}" shown, 
probable that Bauria and its allies are descendants of Thero- 
cephalia, representing the product of a parallel series of changes 
to that which resulted in Cynogiudhims imposed on a different 
ancestor. 

In the preceding part of this paper, I have dealt only with a 
selected series of Gorgonopsids which present resemblances to the 
Cynognathids, and have tacitly assumed that these forms are 
the main stock. There are, however, many other Gorgonopsids 
which appear to represent side-branches, displaying either 
accelerated evolution of certain features or else individual 
specialisations. 

Of these forms the earliest and one of the best known is jEIuto- 
sauTUS felinus Owen. This form was first described by Owen, 
Q. J. G.S. voL xxxvii.p. 261, pi. ix., Seeley subsequently figuring 
an incompletely prepai'ed palate. Broom later corrected certain 
features of Seeley's description of the side of the skull. 

The British Museum includes, in addition to the type, twm 
snouts which were regarded by Lydekker as yE. felinus. Broom 
left manuscript- labels concurring in the identification, and 
a detailed examination which I made of them showed that the 
external surface and dentition are in complete agreement. One 
of the specimens had no lower jaw attached and the palate has 
been developed, with the remarkable result that it is shown to 
differ very considerably from the type, being probably generically 
distinct. The whole circumstance is of importance, because it 
shows that a specimen showing only the outer surface of the 
snout and dentition of a Gorgonopsid may be an inadequate type. 
In text-fig. 25 I give three slightly reconstructed views of the 
snout of B.M.N.H. B. 855 from the Endothioclon -zone ? of Beau- 
fort West. This type is veiy advanced in the depth and rounded 
section of the snout, in the supi'ession of a step in the maxilla 
before the canine, and in the relatively slight overhang of the 
anterior border of the nasal. It retains a very large septo- 
maxillary foramen and a large facial exposure of the septomaxilla. 
The palate unfortunately shows no sutures, but gives a good view 
of the general form. In general form this palate differs very 
considerably from that of Arctofs^ Gorgono 2 ys^ Scymnognathus, etc. 
The median i-egion is excavated into a very narrow groove 
bounded laterally by massive processes, whose palatal surfaces 
bear small teeth in sockets. Lateral to the process is a small 
fenestra or possibly a very deep pit with a w^ell -defined margin ; 
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further laterally the palatine forms a deej) groove, flattening 
out as it is traced forwai'd until it hecomes the nearly vertical 
surface of that anterior part of the l)one which bounds the outer 
side of the posterior nares. The pterygoid flanges are powerful, 
but difl:er from the ordinary Gorgonopsid type in that the ecto- 
pterygoids extend down to tlieir summits. There is a single inter- 
narial bar whose ridged lowei* surface lies far above the lower edge 
of the maxilla. 

Text -figure 25. 



JEli<7'osm(rid, ? gcii. et sp. 

Dorsal, right lateral, and palatal views of the anterior part of a skull. 
K. 855, B.M.N.H. X i 


The palate is of the same type as that of jElurosaurus felinus. 
but differs in the much smaller development of tooth-bearing 
areas and in the much more caudal position of the hinder ends 
of the posteiior nares. 

An analysis of the structure presented by a series of aninnals 
belonging to the Theriodontia thus suggests that that group is a 
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natural one, tlie conservative main stem whicli leads on to the 
Cynognatliids being i-e presented by a series of Gorgonopsids of 
which Gorgonops itself is one of the most primitive members. 
From this stem side-branches arise, winch retain the broad 
parietal region and other primitive features, but present either 
an accelerated development of certain regions or are indi- 
vidually specialised. From still earlier members of the main 
stem ai'ose the groups of animals, resembling one another in 
the precocious conversion of the broad intertemporal region into 
a sagittal crest and in the acquirement of suborbital vacuities, 
which are usually included in the Therocephalia and belong to 
many independent stirps, each in all probability being dependent 
on the mam Gorgonopsid stock. It is shoAvn that there is a 
series of evolutionary trends which persist throughout the whole 
group of Anomodonts from Varcmosaurus to Diademodon^ and 
tliat the special rapid advances which separate the Therocephalia 
from the Gorgonopsids, in the main, merely folloAv out the pre- 
determined evolutionary track proper to the group. 

Thus any classification of the Theriodontia is necessarily 
complicated, as involved and difficult of construction as that of 
the Theria themselves. Existing material is so incomplete that 
any attempt at detailed classification, even if only into families, 
is dangerous, in that it will load the literature wdth undefined 
groups, whose charactei'istic forms may only be known from the 
front end of the skull or the dentition. 

The detailed descriptions of skull-structures in this paper show 
how unreliable, even for generic distinction, are the characters 
presented by the teeth of Theriodonts. 

Thus, for the present, I am inclined to retain my former 
division of Theriodontia into Gorgonopsidae, Therocephalidfc, 
Cynognathidae, and Bauromorpha, full}^ recognising that these 
groups — or, at any rate, the first two — cover a multitude of forms 
not directly of common origin and only held together by two 
or three striking characters. 

It remains to discuss the connections of the Theriodontia 
with the other groups of South Afilcan Anomodonts — the 
Deinocephalia, Dromosauria, and Dicynodonts. 


In the copper-bearing sandstones and associated limestones of 
the Ural Mountains, which immediately succeed the Artinsk 
beds and are shown by a comparison of reptile and amphibian 
faunas to be slightly older than tlie Ta2nnoce2^]ialus-zoY\e^ are 
found three types of Anomodonts, each represented b}^ skulls or 
jaws: of these Deuterosamms is clearly a Deinocephalian of the 
Tapinocepbaloid group recalling man}" South African forms. 

Deinoscatriis Cliorhizodon) is represented by jaws, in one 
case associated with a palate whose dorsal surface is Avell exposed. 

IOi02'>cdodon is a name covering not only several jaw-fragments 
but also a complete skull, which was described by Prof. Seeley. 

Of this skull, remarkably beautiful lithographic drawings of the 





Kestoratioii of skull from the figures published by Seeley, Phil. Trans. P. 185, 1894. 
and the brain-case figured by von Meyer, ‘ Palaeontographica,’ 

Parts in broken lines hypothetical, sutures in dotted line suggested by the 
original figures. 
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dorsal surface and right side were published by Seeley, and that 
author also gave less intelligible ligures of the palate and of 
the much damaged occiput. 

This skull has the lower jaw in position, and except for the loss 
of the end of the snout appears to be (as are the other bones 
fi’om the same rocks) very well pi*eserved and undistorted. 

The skull itself is in Russia and quite unreachable, but in the 
light of our present knowledge of Anomodont structure it is 
possible by a careful study of the drawings and of Prof. Seeley s 
description to gain a clear idea of its moi*e important features. 
In text-hg. 2G I have drawn four reconstructions of this skull 
on the indications available. 

Por the occiput I have used that figured by von Me}^er as 
DeiUerosauriis , which cannot belong to that genus because it is 


Brain-case of 'Rhopalodon^ 

Bight lateral aspect. X f. 

From a cast in the British Museum of the specimen figured l\v von Me}’'er 
as Deuterosaurus . 

only half the size of that in the skull figured by Seeley, and does 
not appear to agree at all in sti ucture. It is, on the other hand 
of very nearly the same size as the occiput of ^ee\ey's Bhojxdodon 
skull, sliows no features incompatible with the wreck of that 
region in this skull, and must presumably belong either to 
Fihopalodon or the very similar Femosam'us, 

Rhopcdodon at once recalls the Pelycosaurs in apj)earance and 
in certain structural features. It has a high compi essed snout 
passing backward into a square-cut lachrymal region, with a, 
depression overhung by a projecting l idge on the i^refrontal, just 
as in Dimetrodon. The jugal in its shape at once recalls that of 
the earlier genus. It diflers from Dimetrodon in the much 


Text-figure 27. 
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larger temporal fossae, visible from above, in the outward bowing 
of the zygoma, in the vertical occiput, and in the smaller 
lachrymal — all changes which follow the ordinary trends of 
Theriodont development. 

The neural cranium, as shown in von Meyer’s figures and in 
text-fig. 27, is Pelycosaurdike in general build, and especially in 
the complete absence of that forward growth of the supraoccipital 
and pro-otic above the notch for the Vth nerve which occurs in 
Theriodonts, and in the occurrence of a. special notch foi’ a vein 
above the incisura, pi*ooticis. 

This occiput is, however, specialised in the development of a 
mass of bone below the basioccipital condyle, which is presumably 
associated with a very vertically placed fenestra ovalis. The 
development of this plate is the explanation of the extreme 
depth of the pituitary fossa. 

The palate of Rhopalodon recalls that of Dlmetrodon in its 
massive flanges on the pterygoids and in the row of teeth which 
decks them. The very large internal nares also recall certain 
advanced Pelycosaurs. 

In certain Avays the skull of Rhopalodon resembles that of the 
more primitive Gorgonopsids ; the dorsal surface of the skull, for 
example, is very like that of Gorgognathus, The side view 
differs, however, in the great depth of the snout and in the 
relatively powerful molar dentition. 

Although Seeley’s figures are not very readily interpreted in 
that region, it seems that tlie c^uadrate of Rhojmlodon is large 
and well exposed from behind, and that its outer edge lies on the 
outer surface of the skull exactly as in the South African 
Deinocephalia, and not at all as in the Gorgonopsids, although it 
represents a state from which that in the latter group could 
readily be derived. The brain-case of Rhopalodon difiers from 
that of any Gorgonopsid in the vertical plate beloAV the condyle 
and in the non- extension of the supraoccipital, etc., forward. 

It is unfortunate that no part of the palate behind the flange 
is preserved, but judging from the front of the fragment of basi- 
sphenoid preserved in the occiput, and the general structure, there 
can have been no narrow bar separating the subtemporal fossse 
as in Gorgonopsids, but the conditions must have been more as in 
the South African Deinocephalian Mormomurus. There is, in 
fact, no doubt that Rhopalodon is not a primitive Gorgonopsid, 
but is a primitive Deinocephalian, with the members of which 
group it agrees in all the characters in which it difiers from the 
Theriodonts. Its general resemblance to primitive Theriodonts 
suggests, however, that we are very near the point of separation 
of these two orders. 

The present seems a suitable opportunity for adding to the 
description which I gave (Proc. Zool. Soc. 1914, p. 770, etc.) of a 
skull referred to Titanosuchus. I recently found a block fitting 
on to the fragment of maxilla of that specimen which contains 
the anterior end of the maxilla, parts of the premaxillje, septo- 
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Hiaxilla, etc. This addition shows that theie are only three 
premaxillary teeth, that the end of the snout is longer than in 
the original figure, and that it is rounded. Thus the skull 
belongs to a new genus and maybe called Anteosanrus 
gen. et sp. nov., holotype E. 3595, B.M.N.H. 


Text-figure 28. 




Right lateral and palatal views of the anterior part of the skull of the holotype 
of Anteosanrus magnificns, gen. et sp. n. 

Parts in broken lines restored, areas surrounded by thin irregular lines 
present in the specimen. X 

The general structure will be best understood from text-fig. 28. 
The septomaxilla, is a small bone lying within the nostril, to 
which it forms a floor, passing inward nearly to the middle line. 
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It articulates with the nasal posteriorly, with the maxilla in the 
)nicldle, there being apparently no septoinaxillaiy foramen, and 
with the preinaxilla in front. 

The palatine extends forward to the middle of the canine 
tooth, forming tlie greater part of the outer wall of the long- 
narrow posterior nares ; at the liindei- end of the opening it has a 
suture with the prevomer, which appears to form the whole 
inner border of the nostril. 

The prevomers are imfused, each provided with a high, thin 
dorsal ridge, similar tlanges from the pterygoids passing between 
and separating those of the pre vomers. 

The whole structure is like that of the Tapinocephaloid 
Mormosaivrus^ and especially like that of the detached nose which 
seems to belong to Lamiasaurics. 

The structure of these palates raises doubts as to the forma- 
tion of the iiiternarial bar in Gorgonopsids by the fusion of a 
pair of prevomers, because in the I )einocephalia the pterygoids 
separate the posterior ends of the prevomers, whilst in Gorgo- 
nopsids they clasp the outer sides of the posterior ends of the 
internarial bar. The difficulty is not, however, an insuperable 
one. 

The relation of the Dicynodonts to other Anomodonts is a 
subject on which there has J)een much difference of opinion, but 
which can be moi'e satisfactorily discussed now that many details 
of Gorgonopsid structure are known. 

The characteristic features of all Dicynodonts are : — 

1. The occipital condyle is triple, the exoccii)ita.ls forming 

its uppei‘ parts. 

2. The supraocciihtal is only slightly drawn forwai'd to 

foiTH side-wails to the bi-ain-case. 

3. The fenestra ovalis lies at the end of a long tube com- 

municating with the vestibule. 

4. The temporal fossae are very large. 

5. The face is short. 

6. The premaxillpe are edentulous and the maxilla is carried 

out laterally to the molar teeth, if any be present, and 

its margin is a sharp ridge covered liy a horny sheath. 

7. There is a rudimentary secondary palate. 

8. The pre vomers are fused, forming a roof to the depi'essed 

median part of the palate. 

9. There are no definite pterygoid fianges. 

10. There is an interpterygoid vacuity reaching back to the 

basipterygoid process and forward to the prevomer. 

11. Both quadrate and quadra to-ju gal fonn the ai-ticular 

condyle for the lower jaw. 

12. Tlie squamosal is of characteristic shape with a wide flat 

zygomatic part rising from the upper part of a Hat body, 

the lower part of whose front face is covered by the 

quadrate and quad rato-ju gal. 

13. The dentaries are fused and extremely massive. 
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When the structure of the skull of a Gorgonopsid was dis- 
covered, Broom and I independent!)^ pointed out the many 
resemblances Avliich it presented to L)ic) nodonts in the inter- 
temporal, basicranial, and other regions. 

These resemblances are real, but, with the exception (?) of the 
occurrence of a preparietal, lie entirely in the common possession 
of primitive Anomodont characters, such as the broad parietal 
surface and the main features of the basis cranii. When con- 
sidered in more detail, the structure of such a Dicynodont as 
Endoihiodon seems to show no such resemblance to that of a 
Gorgonopsid as to imply any closer connection between the 
two groups than either of them bears to the Deinocephalia 
or Dromosauria. The secondary palate of Endothiodon is dif- 
ferent in type from that of Eiademodoii and all the forms of 
Gorgonopsids leading up to it. In them, as in mammals, the 
original vaulting of the palate is brought about by a down- 
growth of the tooth-bearing edge of the maxilla below that of 
the premaxilla; the internarial bar remains attached to the 
ends of the palatal processes of the premaxilla;, and when the 
secondary plates 'of the maxillae grow out they lie ventral to 
the palatal parts of the premaxilhe. In fact, the original surface 
of the palate lies on the roof of the naso-pharyngneal duct, the 
sides of the palate growing down below it. 

In Endothiodon (text-hg. 29), on the other hand, the palatal 
surface of the premaxilhe lie in the same plane as that of the 
maxillfe and transverse bones, the posterior nares open into a 
deep groove, excavated in the original palate, which is roofed 
by a great forward growth of the pre vomers over the region 
formerly occupied by the large posterior nares. 

Thus it appears that the palate of Dicynodonts does not 
present a real resemblance to that of Gorgonopsids, Imt repre- 
sents a different mode of development of a secondary palate, 
identical with that of a Ghelonian. One of the most striking 
features of the Dicynodont palate is the loss of the pterygoid 
flanges, which are only represented by slight eminences on the 
ed«’e of the muTow posterior part of the palate over the pterygo- 
traiisverse suture. This loss seems to be due to the very great 
expansion of the temporal muscles squeezing them out of exist- 
ence, their presence not being necessaiy to insure accurate closure 
of the mouth in an animal without a closely-fitting dentition— -in 
some cases their function being taken over by the long canines, 
which often present wear-faults on their inner sides in large 
Dicynodonts. 

When allowance is made for the changes resulting from the 
development of the horny covering of the edges of the jaws and 
the extension of the crushing palate, it is readily seen that the 
main plan of the anterior j^art of the Endothiodon palate is 
reducible to that found in Therocephalia, except for the absence 
of suborbital fenestras. 

Posteriorly, liowever, there is in Dicynodonts no trace of the 
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long nai row girder which in the Mdieriodonts extends from tlie 
basipterygoid processes to the flanges of the pterygoids, and it is 
therefore probable that the Dicynodonts separated from the 
Theriodonts before the establishment of this feature — that ?s, at 
about the same time as the Deinocephalia. At the same time, in 


Text-figure 29. 



Drawn from li. 4044, B.M.N.H. ; tlie quadrates, quadrato-jng’als and jiigals, 
and quadrate rami of tlie pteiygoids, from other material. 

the Dicynodonts as in the Deinocephalia and all other S. African 
Anomodontia in which the facts are known, the descending 
flanges of the pterygoids lie well in advance of the basipterygoid 
processes, a position which is markedly different from that found 
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in all noii-inammal-like reptiles, but which has arisen within 
the group, as it does not occur in Varanosaurus. 

The relation of the Theriodontia to the Droniosauria is obscure, 
because of our very slight knowledge of the <letailed skull-struc- 
ture of the meinbei'S of that group. In general build the 
IJromosaur skull differs from that of the Theriodonts and also 
of the Pelycosaurs in the extreme shortness of the face. In this 
feature, and also in the depth of the squamosal below the root 
of the zygoma, it recalls the Dicynodonts, differing from them, 
however, in retaining a very short temporal fossa. The Dromo- 
saur skull recalls that of Bolosaurus, and also still more strongly 
that of Palceohathria^ if my interpretation of Credner’s figures of 
that animal be correct. There are in the structure of the 
post-cranial skeleton no charactei'S which show significant resem- 
blances to any other South African form, and it seems not 
improbable that the group represents the end members of an 
Artinskian group wdiich survived into Upper Permian times. 

Thus, in my opinion, the three orders Deinocephalia, Dicyno- 
dontia, and Theriodontia may have arisen from a common stock 
whose direct conservative descendants are the Gorgonopsids, 
and the Dromosaniia may represent a more widely separated 
stock of the Anomodontia. 

One other line of argument which I have not before considered 
is concerned with the dentition. 

In a discussion of the Dimetrodon dentition on p. 70, I pointed 
out that it is desii‘able in a carnivorous animal with an enlarged 
canine towards, but not actually on, the front end of the lower 
jaw to have enlaiged premaxillary teeth before the diastema to 
balance the large canine behind that gap. In such earlier 
Gorgonopsids as Gorgonops and Scymnognathus^ the incisors are 
actually of great relative size, much bigger than the cheek-teeth, 
though, of course, not rivalling the great canines. 

In Deinocephalia, both Tapinocephaloids {q. g., Deuterosaurus) 
and Titanosuchids (e. g., Anteosaurus) , the incisors may be of very 
gi*eat size, and in the former group very curiously converted into 
effective crushing-teeth. Both these animals have an enlarged 
canine, followed in tlie one case by a single molar, in the other 
by a row of eight very small teeth ; in Demosaurits{Gliorhizodon) 
there is a single enlarged canine followed by ten smaller cheek- 
teeth, all larger than the single incisor preserved. 

Thus in this feature the Deinocephalia present a definite 
I’esemblance to the Goi-gonopsids, one whicli is shared also by 
Dimetrodon. 

In later Gorgonopsids, as I have shown above, the incisors 
become relatively smaller, and the molars,” although not 
increased in number above the original five, become relatively 
larger. 

There is some evidence of an iri-egular i-eplacement of all the 
teetli of a Gorgonopsid. 
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When the Cynodontia are reached we find a still further 
deci'ease in the relative importance of the incisors, together with 
an increase in the number of cheek-teeth in Cynosuchits to 8, all 
still much smaller than the incisors, in Xythosaurus to 8, 
all larger than the incisors, Gcdesaurus ? 10, Cynognathus 9, 
Diademoclon ? 12, Trlrachodon 9. This sudden increase in the 
number of cheek-teeth seems to be associated with the develop- 
ment of a bony secondary palate, which allows of prolonged 
mastication being carried on without obstruction of the naso- 
pharyngeal passages. 

It is important to note that the anterior five ‘-molars” of 
Cynognathus crateronotus are sharply distinguished from those 
which succeed them, and that in Diademoclon, when the four 
anterior cheek-teeth are similarly distinguished by structure, 
these teeth and these alone amongst the cheek-teetli give indica- 
tions of replacement. 

In fact, the evidence brought forward by Broom (Bull. Amer. 
]Mus. Nat. Hist. vol. xxxii. p. 465), although it is not quite so 
conclusive as one could wish, does tend to show that these 
Cjmodonts had a tlioroughly mammalian dentition with premolars 
replacing milk-predecessors and molars never replaced. 

Comparison with Gorgonopsids suggests that the premolars are 
the original cheek-teeth, the molars representing a new backward 
growth of the dental lamina, in which the teeth all belong to a 
single generation, and from their origin have never had either 
predecessors oi* successors. 

I hope to return to a consideration of the whole problem of 
dental succession in early reptiles shortly. 

The Gorgonopsids being characterized throughout their history 
by the possession of a very short series of molar teeth, we have to 
consider the problem presented by the fact that whilst some 
Therocephalia, e.g., Scymnosaurus and ITycenosicchns, resemble 
them in this feature, others, Alojyecoclon etc. amongst large forms 
and Icticeyhcdits and Sccdoposaurus amongst the small, retain 
a large series of molars, without, so far as known, having a 
secondaiy palate, and possess in addition small incisors. 

It seems reasonable to regairl these latter animals as unmodified, 
the dentition being derived directly fi’om their ancestors, whilst 
Hycenosnclius represents a parallel reaction to that of the Gor- 
gonopsids to similar feeding habits. All detailed discussion of 
the dentitions of Theriodontia are rendered nugatoiy ly our 
complete absence of knowledge of the postcranial skeleton, for 
only by a study of the whole structure is it possible seriously to 
consider the baliits an<l adaptations of an animal, and teeth react 
perhaps more quickly than any other structures to external 
impressions. 

In any case the occurrence of these Therocephalia.ns with a 
long tooth-i’ow and small incisors, and of a similar structure in 
Oliorhizodon, shows that the heavy incisors of Gorgonopsids 
Proc. Zool. Soc. — 1921, No. YIl. 7 
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aiul Deiiioceplialia liave been inclependeutly acquired by these 
two groups. 


The study of Theriodont strncture and evolution, which is the 
content of this paper, thus leaves us still without any satisfactory 
classification of that group, but in its establishment of a series of 
evolutionary trends, which persist throughout the history of the 
Anomodontia, has I hope laid a solid foundation on which a 
natural arrangement may in future be built up when increased 
knowledge allows an examination of the '‘adaptive radiation ” of 
the order to be entered on. Meanwhile, the forms whose skulls 
are well known fill in with considerable completeness the great 
morphological gap which exists between the Lower Permian 
Pelycosauria and the Lower and Middle Triassic Cynodonts, and 
111 this way enable ns to understand the material steps in the 
evolution of almost all the structures of a Cynodont skull from 
those in so primitive a reptile as Seymouria or, indeed, in the 
still more primitive Embolomerous amphibia. Dealing as it does 
with many diverse faces of the subject with which it is concerned, 
this paper does not lend itself to summarisation, but the point of 
widest interest brought out in it is undoubtedly the demonstration 
of the occurrence of the sam^ evolutionary trends in so many 
allied branches in the Pelycosaurs, Gorgonopsids, Therocephalia, 
and Deinocephalia ; and the fact that the changes brought about 
in accordance with these trends often serve an adaptive purpose 
and appear to depend on mere mechanical necessities. 
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